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Thermodynamic Properties of Helium 4 from 
2 to 1 500 K at Pressures to 1 08 Pa 

Robert D. McCarty 

Cryogenics Division, Institute for Basic Standards, National Bureau of Standards, Boulder, Colorado 80302 

Tabular values of density, internal energy, enthalpy, entropy, heat capacity, and speed of sound for 
liquid and gaseous helium are presented for temperatures from 2 to 1500 kelvin at pressures from 
1.0 X 104 to 1.0 X 1O1! pascals. Diagrams of temperature vs entropy are also given. The properties pre
sented are calculated from an equation of state which was fitted to experimental P-V-T and other 
thermodynamic data from the world's literature. The equation of state was fitted to these data in three 
separate regions of pressure and temperature. The regional equations are forced to join smoothly at 
the preconceived boundaries. Extensive comparisons between the equation of state and experimental 
data have been made, and deviation plots are presented. A particularly careful determination of the 
second virial coefficient over the full temperature range 2-1500 kelvin is presented. The louIe-Thomson 
inversion curve has been calculated and comparisons made with other sources. Equations for the den
sity of the saturated liquid and vapor are included as well as an equation which represents the 1958 
helium vapor pressure temperature scale. 

Key words: Critical point; critically evaluated data; enthalpy; entropy; equation of state; helium; 
internal energy; Joule-Thomson coefficient; lambda line; melting line; P-V-T; specific heat; vapor 
pressure; speed of sound; viral coefficient. 
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1. Introduction 

The investigation of the properties of helium has been 
one of the more popular endeavors in science since it 
was discovered in 1868. A large part of this interest can 
be attributed to the spectacular superfluid properties 
of helium. This work does not include the temperature 
and pressure range at which the sup~rfluid properties 
of helium occur. 

In recent years the application of helium as a refrig
erant and other technical uses have accelerated interest 
in the thermodynamic properties of helium. Although 
many investigators have published data for th~ thermo
dynamic properties of helium, in most cases these in~ 
vestigations hiive been limilt!d Lu IH:lHUW I"angel:; uf 
temperature and pressure which were of immediate 
interest to the individual. In no case has there been 
tabulations published which cover the range of tempera· 
ture and pressure of this work. In addition, where pub
lished data do overlap, there is usually a substantial 
disagreement which, in many cases, makes the transition 
flom one data 5et to another quite difficult for the U8cr. 
F or these reasons this laboratory und~rtook the job of 
critically analyzing the existing thermodynamic data 
for helium and creating from this analysis a new set of 
data which covers a more extensive range of pressure 
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and temperature than was previously available in a 
single document. 

2. Survey of the Literature 

A search of the world's scientific literature began with 
a computerized search of some 40,000 articles at the 
Cryogenic Data Center of the National Bureau of 
Standards at Boulder, Colorado. This search produced 
634 references. The literature search was periodically up
dated so that current data were continually assimilated. 

A bibliography. by Barieau [2)1 contains all the ref
erences he could find with experimental P-V-T data for 
helium 4. The bibliography contains 163 references. In 
addition to these P-V-T data there are many references 
in the literature which contain other useful experimental 
data such as specific heat, speed of sound, and many 
others. All of the articles which contained appropriate 
experimental data were considered for possible con
tribution to the correlation of the thermodynamic proper
ties of helium. 

Over the past few years, a number of other correla
tions of properties of helium have been published. Most 
of these have heen of Iimiteo ",~ope :mcl only one [5R] h::l~ 

included the two-phase region. Since Mann's correla-. 
. tion many new experimental data for helium have been 
published. Other more recent correlations are [72] and 
[65]; both of these cor-relations are restricted to tempera
tures of ° °C and above. The agreement between the 
above correlations and this one is discussed in detail 
in section 8.4. 

Many of the references in the literature contain 
equations of state; however, none of the equations of 
state were adequate for the scope of this correlation. 

In the last ten years or so, the continued increase in 
usage, of the high speed digital computer has made the 
equation of state approach to thermodynamic properties 
more and more attractive. Many equations of state have 
been proposed in the literature. In every case the author 
has found these equations do not represent the existing 
data, or theory,· adequately at one point or more on the 
P-V-T surface. However, this is not to say that the 
single equation of state presentation is not useful. In 
the majority of cases, the user is willing to accept these 
inadequacies or the inadequacies occur 'at points which 

will not affect his particular calculations. In this work 
an alternative is presented. A single equation of state is 
presented, with three different sets of adjustable param
eters. The' three sets of parameters were determined 
from data of limited temperature and pressure ranges 
and the three ranges were joined smoothly at their 
common boundaries by various means. The tabulations 
given here were calculated from the set of three 
equations. 

In the case of helium, for a number of reasons, it is 
difficult to assess the general overall adequacy of an 
equation of state; First, the entire normal two-phase 

l Figures in brackets indicate literature references in section 13. 

gaseous-liquid coexistence region takes place in a span 
of about three Kelvin. This amplifies by at least an order 
of magnitude the importance of temperature measure
ment errors. Second, these temperature measurements 
are made in an extremely difficult portion of the tempera
ture scale, i.e., 2 to 5 K. Third, when determining an 
equation of state for a fluid, it is important to have 
accurate data from a single source covering both the 
gaseous and liquid region from the triple point to about 
twice critical temperature. For helium there is only one 
such set of data available [50]. Since there is only one 
such source of data for this region it is impossible to 
make extensive comparisons. In the regions of pressure 
and temperature where there is a small overlap of these 
data with others, there is about a 1.5 percent disagree
ment in density at high density which is disastrous for 

the determination of an equation of state. 
In general, the three regional equations of state repre

sent the existing experimental P-V-T data to within the 
accuracy of the data in thdr respective regions with the 
exception of the critical region. The critical region of 
helium has been investigated quite extensively and is 
treated here completely independently uf LIlt:: Li:11i:1llce 

of the P-V~T surface . 

3. Vapor Pressure 

In recent years most of the experimental work at 
temperatures between 2 and 5 K has used the 1958 
helium temperature scale [7], and when older data 
which are based on other temperature scales are com
pared and correlated with the newer data conversion to 
the 1958 scale has served to establish a common temper
ature scale. Some of the most recent experimental 
workers have used other temperature scales but these 
are almost always given in terms of "corrections" to 
the 1958 scale. Therefore, it seemed worthwhile to 
create an equation or equations to reproduce the 1958 
helium vapor pressure temperature scale. These equa
tions are: 

to 
In p= k AjT(;f.-f). 

1=1 

(1) 

where T is in kelvin and pressure is in micrometers of 
Hg (1 Mill Hg= 133.322 P a). The range of validity for 
eq (1) is 2.172 to 5.1994 K. For the temperature range of 
0.5 to 2.172 K the equation 

14 
In P= L B j T(2-i), (2) 

i=l 

was determined. Equation (2) is in the same units as 
eq (1). 

Equation (1) was fit to 611· smoothed points from [7], 
taken every 0.005 K between 2.172 and 5.1994 K. In 
addition to the 611 data points, six constraints were 
imposed on the least squares estimates of the param
eters. These constraints are listed in table 1. The 
coefficients (A i) are given in table 3. 

J. Phys. Chem. Ref. Data, .vol. ~, No; 4, 1973 
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TABLE 1. Constraints 011 equation (1) 

P 37800 /-Lm Hg at T 2.172 K 
p 760000 at T 4.215 
P 1718000 at ·T 5.1994 
dPldT 92960 /-Lm HgK-1 at T 2.17 
dPldT 717100 at T 4.22 
dPjdT 1267000 at T 5.2 

TABLE 2. Constraints on equation (2) 

P 
dPldT 

37800 /-Lm Hg at T 
92960 /-Lm Hg K-l at T 

2.172 K 
2.17 

TABLE 3. Coefficients for equation (1) 

AI -3.9394635287 
A2 1.4127497598 X 102 

Aa -1.6407741565 X 103 

A4 1.1974557102 X 104 

As -5.5283309818 X 104 

A6 1.6621956504 X lOs 
A1 -3.2521282840 X 105 

As 3.9884322750 X 105 

A9 -2.7771806992 X 105 

A 10 8.3395204183 X 104 

Equation (2) was fit to 333 points taken every 0.005 K 
from 0.5 to 2.172 K [7]. In addition to the 333 data points, 
two constraints were imposed on the least squares 
estimate of the parameters (see table 2). The coefficients 
(B i) for equation (2) are given in table 4. The maximum 

TABLE 4. Coefficients for equation (2) 

Bl -4.9510540356 X 101 

B2 6.5192364170 X 102 

B3 -3.7075430856 X 103 

B4 1.2880673491 X 104 

B5 -3.0048545554 X 104 

B6 4.9532267436 X 104 

B1 -5.9337558548 X 104 

B8 5.2311296025 X 104 

B9 -3.3950233134 X 104 

B 10 1.60286'74003 X 104 

B11 -5.3541038967 X 103 

B12 1.1990301906 X 103 

B13 -1.6146362959 X 102 

B14 9.8811553386 

deviation in pressure for either equation (I) or (2) is 
0.02 percent. The maximum deviation in temperature 
predicted by either equation (I) or (2) is 0.0001 K (see 
figure I). Deviations are from the 1958 helium vapor 
pressure temperature scale as defined in [7]. 

Temperature scales both practical and thermodynamic 
have always been a fascinating subject to scientists and 
engineers. The 1958 helium vapor pressure temperature 
scale (hereafter referred to as the TS8 scale) is no excep
tion, Cataland and Plumb [10] have been engaged in a 
program of accoustic thermometry which includes the 
liquid helium temperature range from about 2 K. An
other paper by Rogers, et al. [70] makes an interesting 
comparison of various experimental temperature deter
minations with those calculated from the TS8 • Figure 2 
is from Rogers, et al. [70]. Two things are evident in 
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FIGURE 2. Differences between experimental measurements of 
temperature and the 1958 helium scale 

5 

figure 2. First, the T58 scale assigns temperatures 
lower than the thermodynamic temperature and, second, 
the temperature determinations have a scatter of about 
five millidegrees. On the basis of the above referenced 
work it was decided to adjust the T58 scale by 

T = T58 + 0.001 + 0.002 T58 , (3) 

which raises the temperatures assigned to the normal 
boiling point and the critical point of helium by about 
nine millidegrees and 11 millidegrees, respectively. 
After equation (3) was decided upon, more recent work 
by Cetas and Swenson [11, 12, 13], using a paramagnetic 
salt experiment to determine absolute temperatures, 
suggests that the adjustments from equation (3) are too 
large by about 4 or 5 millidegrees for temperatures 
approaching 5 K. 

The measurements by Cetas and Swenson [11,12,13] 
have a greater precision than those in figure 2 by at 
le:Jst a factor of 2. Kierstead [45, 46] reports experi

mental P-V-T measurements in the critical region of 
helium which tend to confirm the T58 scale discrepancies 
reported by Cetas and Swenson [11, 12, 13]. Since the 
difference between the adjustments to the T 58 scale 
given by equation (3) and those proposed by Cetas and 
Swenson [11, 12, 13] would have a significant effect only 
at temperatures in the near critical region and since 
the equation of state is admittedly not accurate in the 
critical region no Jurther adjustments to the temper
atures were made. 

One of the fixed points of the T58 scale is the critical 
point. The value of pressure assigned to the critical 
point is 1718 mm of mercury reported by Kamerlingh 
annes [36]. Kamerlingh annes states that the determina
tion of that value (1718 mm) was made by observing the 

disappearance of the meniscus and that this could be 
determined to no better than one centimeter of mercury. 
Some of the more recent measurements of the critical 
pressure [19] and [67] show that 1718 mm of mercury is 
too high and that a better value of the critical pressure 
of helium is 1706 min of mercury. 

If one takes as a best estimate the critical pressure 
of helium to be 1706.1 mm Hg and solves equations (3) 
and (1) for a temperature at this pressure, a critical 
temperature of 5;2014 results. 

Before leaving the helium vapor pressure temperature 
scale there is one other disagreement between T 58 and 
recent experiments that bears mentioning. Kierstead 
[46] made measurements of the slope of the critical 
isochore for helium 4 and found the slope (iJP/iJT) at Pc 
and Tc to be 1289.2 torr/K as compared to 1267.0 torr/K 
as given by T 58. Since the T58 scale is based on an 
analytic representation of the behavior of the vapor 
pressure of helium this disagreement is not unexpected. 
For :J nonanalytic representation of the helium v:Jpor 

pressure see equation (33), section 9. 

4. Density of the Saturated Liquid and Gaseous 
Phases 

During the course of the correlation of the P-V-T 
data for helium, equations for the density of the satu
rated liquid and vapor phases of helium were developed 
as aids in the analysis. These equations have not been 
used to produce any of the numbers which appear in the 
numerical tabulations. They are presented here as a 
convenience for those who might have use for such 
equations. They do represent the experimental densities 
to which they were fit to within the precision of those 
densities. 

The analysis of the experimental density data for the 
saturated liquid and gaseous phases of helium 4 included 
a number of sources, references [19], [20], [21], [22], 
[23], [42], [44], [54], and [67]. Most of these data are for 
the saturated liquid and are of limited temperature 
range. The data of Roach [67] and of Edwards [19, 20, 
21] are mainly concerned with the critical region. 
Kerr's [42, 43, 44] experiments were mainly concerned 
with the region of the lambda transitions. His 1957 paper 
[42] doe5 contaiu uala Uj) to 4.4 K, however, while it 

generally agrees with the more recent data of el Hadi 
[22, 23] it contains considerably more scatter. The 
paper by Kerr and Taylor [44] contains new data only 
for temperatures of 2.8 K and below. The old Leiden 
data by Mathias, et al. [54] were not in agreement with 
the newer data. The data by el Hadi [22, 23] cover the 
widest range of temperature and seemed to be the best 
suited for the formulation of useful saturation equa
tions. Therefore, the el Hadi [22.23] data were used in 
the least squares determination of the following two 
equations. The density of the saturated vapor is given 
by 

6 

pg = pc + ~ Sfli (l - T/Tc) 1/3, . (4) 
i=l 

J. Phys. Chem. Ref. Data, VoL 2, No.4, 1973 
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and that of the saturated liquid 

6 

PI = pc + L Slj (1- T/Tc) 1/3, (5) 
i=l 

where the density is in g/cm3 , and the temperature is 
in kelvin. The parameters for equations (4) and (5) are 
given in t~ble 5. The saturated liquid data below the 

T A~LE 5. Coefficients for equations (4) and (5) 

pc 0.06964 g/cm3 pc 0.06964 g/cm3 

Sg, - 6.9267495322 X 10-2 s/, 1.2874326484 X 10- 1 

SY. - 1.2925325530 X 10-1 SI. - 4.3128217346 X 10-1 

sYa 2.9347470712 X 10-1 
S/3 1.7851911824 

S!I. - 4.0806658212 X 10-1 
S/. -:3.3509624489 

Sg~ 3.5809505024 x 10- 1 
SI. ~.U;)44U51j:l4 

Sg. - 1.1315580397 X 10-1 S/. - 1.0981289602 

lambda temperature were omitted from the least 
squares fit. The average deviation for the liquid equa
tion was 0.027 percent with a maximum 0{0.1 percent' 
(in density) at 4.4 K. The average deviation for the 
vapor equation was 0.1 percent with a maximum of 
0.4 percent (in density) at 2.2 K. See figure 3. The range 
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FIGURE 3. Deviations between equations (4), (5) and (17) and the 
experimental data by el Hadi [22, 23] 

of the vapor equation is from 2.2 K to the critical point 
and the range of the liquid equation is from the lambda 
point to the critical point. If the best possible accuracy 
is desired between Sand 5.2 K, equations (31) and (32) 
should be used. 
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5. The Second Virial Coefficient 

The virial equation of state for gases is often given in 
form of 

PV=RTO+Bp+Cp2+Dp3+ . .. ). (6) 

Although this is one of the earliest proposed equations 
of state for gases, it is still extensively used and the 
virial coefficients (B, C, D, etc.) are of special interest 
to theoreticians. The second virial coefficient, B, is 
the easiest to obtain, both from experimental data and 
from theory. Therefore, the experimentally derived B is 
of particular interest to theoreticians for investigation 
of the intermolecular potential. 

Most of the existing experimental P-V -T data for 
helium have been published in the literature in iso. 
thermal form, and in many cases these articles include 
virial coefficients derived from the experimental iso
therms. Unfortunately, the value of a virial coefficient 

derived from a given set of data is highly dependent 
upon a number of factors related to the method used in 
obtaining the virial coefficient from the data. Since the 
method almost always varies from one investigator tc 
another and since the details of the method are of tell 
omitted, it is inappropriate, in most cases, to compare: 
one author's virial coefficients directly with another's. 
There seemed to be enough low pressure isothermal 
P-V -T data in the literature to warrant a careful investi· 
gation of the second virial coefficient. Each experimental 
isotherm found in the literature was treated in exactly 
the same way. Least squares estimates of A, B, and C, 
were determined from the equation 

PV=A+Bp+Cp2. (7) 

The estimating procedure began by least squares 
fitting equation (7) to a few of the lowest density data 
points and repeating the fitting procedure many times, 
Poach successive time adding another data point of in

creasing density until the virial C became statistically 
significant. As soon as the virial C became significant, 
the last few data points (highest density) were removed 
and a final fit made. The point at which the third virial 
began to contribute to a detectable degree is dependent 
upon the random scatter of the data. Theoretically, it 
would contribute at all den5itie5 if there were no random 

error present. However, if the contribution (of C) is 
less than the random error in the data, it must not be 
included in the estimating equation because it will tend 
to compensate for random error by shifting the curv~ 
towards one or more of the data points with a large 
random error. This, in turn, will influence the value of 
the B, because of the strong covariance which exists 
between the Band C. A total of 148 isotherms were 
analyzed in this manner. The partial results of the 
analysis are shown in part in figures 4,5,6, and 7. Even 
when each experimental source of data is comoared on 
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a common base, small differences in the data tend to 
influence the virial coefficients. Even though the results 
of the analysis were less than expected from the stand
point of the second virial coefficient, other information 
which came out of the analysis proved to be very valu
able. The estimates of the variance of the B's from each 
source of data provided an absolute and a relative esti
mate of the experimental random error in the data. In 
equation (7), A appears as a parameter to be estimated 
by the least squares procedure, which corresponds in 
the virial equation to RT. Using a commonly accepted 
value of R it was then possible to place confidence limits 
on the temperature of the isotherm. In some cases the 
temperature assigned to the isotherm by the original 
source was outside the confidence limit by a wide mar
gin. indicating some systematic error in the measure
ment of the P-V-T data. In a few of the cases where 
systematic error was detected, the error could be as
signed to the temperature measurement and therefore 
corrected. If this was not pOSSible, the data were 
eliminated from further consideration unless they hap
pened to be the only data available for that temperature 
and pressure range. 
- On the basis of the information gained from the iso
thermal analysis just described, particular sets of 
P-V-T data were chosen for the final estimation of B. 
The data of Canfield, et a!. [9] were chosen for the tem
perature range of 133 to 273 K. The data of Sullivan [71] 
were chosen for the temperature range of 70 to 120 K. 
The data of White, et aL [76] were chosen for the tem
perature range of 20 to 70 K, and finally, the data -of 
Keller [41] were used for temperatures from 2.154 to 
3.957 K. In the case of Canfield, et a1. [9] and Sullivan 
[71], care was taken to exclude data above densities 
where higher order virials began to contribute. 

In addition to the P-V-T data mentioned above, two 
other kinds of data were fitted to equation (8) simultane
ously with the P-V-T data. The speed of sound data by 
Plumb and Cataland [66], which cover the temperature 
range between 2.323 and 20.051 K, were inserted into the 
fit as well as the second virial coefficient data of Y rite rna 

and Schneider [79] which cover the temperature range of 
273 to 1473 K. 

The function chosen to represent the temperature 
dependence of the second virial coefficient is 

9 

B(bi, T) = L biT(1·5-i/2), (8) 
i=l 

where T is in kelvin and B is in liters/mole. The tech
nique o-f simultaneously fitting different kinds of data 
requires only that the different kinds of data being used 
are mathematically related and that the resulting equa
tions are linear and separable in the parameters being 
estimated. For the second virial data equation (8) was 
used. For the P-V-T data equation (9) was used. 

IJ 

PV/RT-l.O= 2: bipT(1.5-i/2), (9) 
i=l 

where P is in atmospheres, V is in liters/mole and T is in 
kelvin. 

To introduce the speed of sound into the least squares 
equations, the virial expansion is again truncated after 
the second viriaL If no higher order virial contribution is 
present the following relationships are valid. 

W2 = WJ(I+aP), (10) 

where W2 is the speed of sound squared; Wij= (Cpt 

Cv)p=o ~ is the ideal-gas speed of sound; a= l/RT 

(2B+4/3TdB/dT+4/15T2d2B/dT2); and P is the pres
sure. Since the second virial coefficient has the same 
value in either the pressure or density form of the virial 
equation of state, it is now possible to write equation 
(10) as 

(11) 

Substituting for B from equation (8) into equation (11) 
results in -

r;2-1.0) RJ =.± bi [2 +~ (1.5 - i/2) 
\Wo 1=1 

+ ~ (1.5 - i/2) (0.5 - i/2)] [T(1·5-i/2)] , (12) 

where the units of P, T and R are the same as in equa
tion (9). The right hand side of equations (8), (9), and (12) 
are now all linear in the bi. In least squares estimating 
procedures a general equation is sometimes written as 

11 

Y=2: hiX j • (13) 
i=l 

The left hand side of equations (8), (9), and (12) become 
the y in equation (13) and the term- multiplying the bi in 
equations (8), (9), and (12) becomes the Xi in equation 
(13). For more detail5 on :simultal1eou:s data fiLtil1g Ist::e 
Hust and McCarty [35]. 

Since the least squares estimating procedure mini
mizes the sum of the squares of the deviations in the 
dependent variable (the Y in equation (13» with respect 
to the parameters being estimated (the bi in equation 
(13» it is important that the variance in y be as nearly a 
eon5tant as p05:sible. This 115 especially tl-ue ill the case 
of simultaneous data fitting because the independent 
variable differs in magnitude from one kind of data to 
the next; therefore the variance is likely to differ more 
than when using only one kind of data. Fortunately, a 
transformation via a weighting factor will compensate 
for this to a large degree. Applying the weighting factor 
to equation (13) at the nth data points gives 

where 

YnWn=:f WllbiX II , 

i=l 
(14) 
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1 
W,!=-~-, 

(TYn 
(15) 

and & Yn is an estimate of the standard deviation in the 
nth y. An estimate of f:r Yn may be had from the precision 
of the experiment. If there are large random errors in 
one or more of the independent variables of the Xi in 
equations (13) and (14), or if the random error is small in 
Xi but a small error in the Xi causes a large error in the 
y, i.e., ay/axi is large, then these random errors should 
also be taken into account. This is easily done by 
modifying the weighting factor to include 

1 
W n = [ m ( !I. )2] 1/2' "2 "2 ~ 

CT yn+ ~ CTXi,n ax' 
t=1 t, n 

(16) 

where the UXi , n is estimated again from the precision of 
the experimental measurements and the (8Yn/8xi, n) is 
estimated by obtaining a preliminary set of parameters 
and using them to form the proper partial derivatives. 

Ideally, if the estimates are exact the variance of the 
resnlting weightecl least ~f]1JaTe~ fit would hp. onp., and 
would be distributed statistically as X2. An approximate 
rule of thumb is that if the variance of the fit is between 
0.1 and 10, the weighting is probably quite good. Com
bining the above procedures and the referenced data 
the estimated parameters for equation (8) which are 
given in table 6 were obtained. The number of terms in 
equation (8) was determined by successively adding 
terms to the expansion until the statistical significance 
of one or more of the coefficients was lost. 

The error bars shown in figures 4, 5, 6 and 7 are esti
mated uncertainties for a 95 percent confidence. The 
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second virial coefficients of Gammon and Douslin [24] 
shown in figures 6 and 7 were derived from speed of 
sound measurements. These data appeared in the 
literature after the parameters for equation (8) were 
determined. The agreement. between Gammon and 
Douslin's [24] virials· and those from equation (8) is 
good, ranging from slightly less than I percent difference 
at the highest temperature to slightly more than 2 per
cent at the· lowest temperature, all well within the 
uncertainties assigned to equation (8). 

TABLE 6. Coefficients for equation (8)a 

b1 - 5.0815710041 X 10-7 

b2 - I.1l68680862 X 10-4 

b3 1.1652480354 X 10-2 

b4 7.4474587998 X 10-2 

b5 - 5.3143174768 X 10-1 

b6 - 9.5759219306 X lO-1 

b7 3.9374414843 
68 - 5.1370239224 
b9 ~.08U4450iS38 

a The number of significant figures listed for these and all other 
tabulations is in no way indicative of the accuracy of the properties 
Galculated from the equation!!. However, the number of signifioant 

figures given is necessary to avoid errors due to computational round 
off. 

Even more recently Berry [5] reported second vitial 
coefficients of -2.35, -43.6 and --79.0 cm3/mol for 
the temperatures of 20.2746, 6.6989, and 4.2240 K, 
respectively. Using equation (8) values of -2.0, -44.0. 
and - 80.3 were calculated for the above temperatures, 
respectively. 

Figure 8 shows the shape and relative size of the 
second virial for helium over the entire range of tempera-
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FIGURE 8. Second virial coefficient from 2 to 1500 K 
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ure from 2 to 1500 K; table 7 gives values of the second 
virials calculated from eq 8. 

TABLE 7. Second virial coefficients for helium-4 

Temp Bx I()3 Temp Bx I()3 Temp Bx lOS 
K lImo) K llmol K .l/mol 

2 -203.8 22 -0.37 200 12.33 
3 -122.0 24 1.17 250 12.16 
4 -85.83 26 2:47 300 11.95 
5 -64.08 28 3.56 350 11.73 
6 -51.20 30 4:49 400 11.51 
7 -41.33 32 5.29 450 11.30 
8 -33.88 34 5.99 500 11.10 
9 -28.05 36 6.60 550 10.90 

10 -23.37 38 7.14 600 10.71 
11 -19.52 40 7.62 650 10.53 
12 -16.31 50 9.33 700 10.35 
13 -13.60 60 10.37 750 10.18 
14 -11.27 70 11.04 800 10.02 
15 -9.25 80 11.49 900 9.71 
16 -7.49 90 11.79 1000 9:41 
17 -5.94 100 12.00 1200 8.86 
18 -4.57 125 12.29 1300 8.60 
19 -3.35 150 12.38 1400 ·8.36 
20 -2.25 175 12.38 1500 8.12 

6. The Equation of State 

When the task of correlating the thermodynamic 
properties of helium was undertaken, one of the ultimate 
goals was the production of a single equation of state 
which would adequately p~edict the existing experi
mental data from 2 to 1500 K with pressures as high 

'as possible. As is always the case when trying to fit a 
large surface such as a P-V-T surface, part of the 
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surface is compromised to allow even a reasonable 
fit of another part of the surface. It was therefore 
decided after a long and tedious period of experimenta
tion with, and development of, various mathematical 
models for the equation of state of helium that further 
efforts along the single equation of state approach would 
likely be fruitless. 

The alternative to a single equation approach is obvi
ously a multiple equation approach which presents a 
problem of matching two or more surfaces at a common 
boundary. Since the equation of state does do a reason
able job of representing the entire P-V -T surface, it 
seemed reasonable to assume that it would do a better 
job for just part of the surface. Maintaining the mathe
matical form of the equation of state from region to 
region also has some practical advantages. The matching 
at the boundaries is greatly simplified and the computer 
programming is minimal as one only needs to switch 
coefficients to go from one region to another. The form. 
of the equation of state used for helium is: 

8 
P=pRT[1 +B(bi , T)p] + ~ nliP3']'<1.5-i/2) 

i=l 

4 6 
+ 2: n2iP4T<L5-0 + 2: n 3iP5T<0.7S-i/4) 

i=l i=l 

3 3 
+ 2: n4iP3eyp2']'<1.0-i) + 2: nSipSe yp2']'<1.0-i) 

i=l i==l 

2 

+ 2: nSiP6']'<1-i), 

i=l 

(17) 

where P is in' atmospheres. p is in moles per liter. T is in 

FIGURE 9. Schematic poT diagram for helium showing regions represented by different equations 
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kelvin, R=O.08205581·atm/mol·K and B(bi , T) is given 
by equation (8). 

The P-V-T surface was divided into three regions as 
shown in figure 9. 

The thermodynamic properties for helium tabulated 
in appendices D and E have been calculated using the 
multisurface approach. All properties in region I were 
calculated using equation (17) together with the coeffi
cients in table 8. Region I is defined to include tempera
tures from 2 to 10 K with densities to the saturated liquid 
density for temperatures from the lambda point to the 
critical point, for temperatures between the critical 
temperature and 10 K, the limiting density is the critical 
density. 

All properties in region II were calculated using equa
tion (17) together with the coefficients in tables 8 and 9. 
Region II is defined to include temperatures from the 
lambda line to 10 K with densities from the boundary of 
region I to the solid line. The transition between regions I 
and II was accomplished along a line of constant 
temperature in the following manner, 

Prop (p, T) = Prop (Pboundary, T) 
Region II Region I 

(I8) 

+ [ Prop (p, T) - Prop (Pboundary, T) ] 

Region II Region II 

This formulation insures a continuity between the two 
regions; however, to obtain the best results in region II 
equation (18) must actually be used in the least squares 
estimation of the coefficients for region II. More will 
be said about the estimation of the coefficients later in 
this section. 

All the propertie5 in region III were calculated using 

equation (17) together with the coefficients in table 10. 
Region III is defined to include temperatures from 15 to 
1500 K with limiting densities determined by a maximum 
pressure of 1000 atm. 

In the temperature range of 10 to 15 K either regions 
I or II may be extrapolated upward or region III may 
be extrapolated downward (in temperature); however, to 

insure a smooth transition in the tabulati~ns a weighted 
average of the two extrapolations was used. The actual 
calculations were made as fol1ows~ 

Prop (p, T)=Prop (p, T)(l5.-T)/5 
Region I or II 

+ Prop (p, T)[l+ (T-15.)/5.]. 
Region III 

(19) 

. To insure a smooth transition between the various 
regions. equations (l8. 19) were used for all properties 
tabulated in Appendices D and E. 
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TABLE 8. Coefficients for equation (17) (Region I) 

nil = 1.4792568148 X 10-4 

nI2=-3.2531355477 X 10-3 

n13 = 1.9518739286 X 10-2 

n14=-1.0571817135X 10- 1 

n15= 3.3164944449 X 10- 1 

nI6=-5.1l30022525 X 10-1 

n17= 3.9940004906 X 10- 1 

nls=-1.5555244471 X 10- 1 

n21:::::: 3.7405931828 X 10- 5 

n22=-6.4103220333 X 10-4 

n23= 1.8579366177 X 10-3 

n24 = 7.4007986606 X 10-4 

n31 = 4.1362357367 X 10-5 

n32 =-3.7910190353 X 1O-~ 
n33= 1.3806454049 X 10-3 

n34=-2.5085412058 X 10-3 

n35= 2.3697560398 X 10-:1 
n36=-9.5726461066 X 10-4 

n41 = 4.9062640310 X 10-3 

n42=-2.6148004377 X 10-2 

n43= 3.4221685545 X 10-2 

nSI = 5.4159662622 X 10-6 

n52=-1.0687806777 X 10-5 

nS3=-8.9484651869 X 10-6 

n61 =-1.5096862619 X 10-7 

n62= 6.4640898904 X 10-7 

y=-2.50X 10-3 

TABLE 9. Coefficients for equation (17) (Region II) 

nil = 2.0461501117 X 10-5 

n12 = 1.2746996288 X 10-3 

n13 = - 2.0272929583 X 10-2 

n14= 7.4648036615 X 10-2 

n15=-1.7217966521 X 10- 1 

n16= 5.1053439738 X 10- 1 

nt7=-4.0178202697 X 10-1 

nlS= 2.6829864632 X 10-1 

n21 =-3.2120950632 X 10-5 

n22 = 1.4159018970 X 10-4 

n23= 1.4725630701 X 10-3 

n24 = - 2.6183549410 X 10-3 

n31 =-1.0246150954 X 10-5 

n32 = 8.5254608956 X 10-s 
n3.1 = - 2.5163069255 X 10-4 

n34 = 3.2877709285 X 10-4 

n3s=-1.0601957580 X 10-4 

n36 = -1.0687738074 X 10-4 

n41 = 7.9066012040 X 10-3 

n42=-8.9393485656 X 10-2 

n43=-1.507658oo53 X 10- 1 

nSI =2.6882494327 X 10-6 

nS2=-3.3794316835 X 10-5 

nS3=-2.4495951195 X 10-5 

n61 =-4.2287454626 X IO-H 

n62= 4.4529354413 X JO-7 
l' =-5.00 X 10-4 

TABLE 10. Coefficients for equation (17) (Region III) 

nil =-3.6027735292 X 10-5 

nl:!- 1.6079946666 x 10-~ 
n13= - 2.7441763615 X 10-2 

nl4 = 1.4739506957 X 10-1 

n 15 = - 4.3559344838 X 10- 1 
n,,;= 1_~4.479!;n07R 

nI1=-1.7040375125 
n,s= 9.0262674040 X 10- 1 

n21 = 1.9661380688 X 10-6 

n22 = 1.7122932666 X 10-~ 
n23= 2.3051000563 X 10-4 

n24=-9.6564739100x 10-4 

n31 =-2.3326553271 X lO- i 

n32= 4.0855110880 X 10-7 

n~~ = 1.0900567964 X 10-5 

n34=-5.0060952775 X 10-5 

na5 = 1.1312765043 X 10-4 

n36=-1.2539843287 X 10-4 

n.,= !;nR7!ln4.4111 X 10-3 

n4z=-1.4438146625 X 10- 1 

n43= 3.3768874851 X 10-3 

nSI = 1.0754201218 X 10-6 

nS2=-4.5264622308 X 10-:' 
nS3= 3.8597388864 X 10-;; 
nal =-1.4802195348 X IO-H 

n62= 4. 17217911 19 X lO- i 

'Y - 5.00 X 10-4 

6.1. Estimation of the Coefficients for the 
Equation of State 

In the case of helium there exists in the world litera
ture a large amount of experimental data which are 
applicable to the development of an equation of state. A 
bibliography of references to helium 4 experimental 
P-V-T data was published by Barieau [2J. The list 
contains 163 references. 

All of these data were l:um;juen:~u; howevt:r, only a 
selected set was used in the estimation of the coeffi
cients. Many of these data are quite old and are not of 
sufficient precision to be of value in estimating the coeffi
cients of an equation of state. For the temperature range 
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of 60 to 300 K the existing experimental P- V - T data 
seem to be adequate in precision, accuracy, and 
quantity. For temperatures below 60 K additional experi~ 
mental data would be highly desirable for the determina
tion of an equation of state. Such an experimental pro
gram should include as wide a temperature and pressure 
range as possible, particularly below 20 K. In addition to 
the P- V - T needed, higher order data such as specific 
heat and speed of sound data would be extremely valua
ble. Using modern multidata least squares estimation 
techniques, the inclusion of data such as specific heat 
data together with the traditional P-V-T data is neces
sary if the resulting equation of state is to be used for 
calculating higher order thermodynamic properties. The 
other most important factor in determining an equation 
of state is the availability of accurate data from a single 
source over a . wide enough pressure and temperature 
range. As is the case for helium, data coming from 
several different laboratories often vary systematically 
from one source to another although each individual 
source is internally consistent. The discontinuities 
caused by such systematic disagreement are very 
detrimental to the results of least squares estimation 
techniques. 

6.2. Estimation of the Coefficients for Region I of the 
Multi-Fundion Equation of State 

The coefficients for equation (17) given in table 8 were 
determined by least squares estimation using several 
different kinds of data simultaneously. Selected P-V-T 
data from Lounasmaa [50], el Hadi, et ~l. [22, 23], 
Roach [67] and Sullivan [71] were included in the fit 
together with C v data from Lounasmaa [50]. The experi· 
mp.ntal nata lll'lP.rl in thp. Ip.:ll'\t l'\qlHlres fit of region I 
include temperatures and densities much higher than 
the limiting densities and temperatures of the bound
aries of region I. Data for temperatures to 70 K and 
densities to 3pc were included in the fit. The data out
side of region I included in the least squares fit were 
given a very low weight. However, their inclusion in the 
fit inl'\l1rp.l'\ propp.r qnalitativp. hehavior of the surface at 

densities and temperatures higher than those at the 
boundaries of the re~on. 

In addition to the experimental data mentioned 
above, the condition of isothermal thermodynamic 
equilibrium of the coexisting liquid and vapor phases 
was inserted into the fit at 30 temperatures between 2.2 
and 5.1 K. Also, the entropy of vaporization was included 

in the fit at these temperatures. The thermodynamic 
relationships for these two conditions are given in equa
tions (20) and (21): 

ipsat
{ 1 (ap ) G1-Gg=0= - a T dp , 

Psatg p p 
(20) 

f Psatg 1 (ap) . 
- - dp 

Psaq p2 aT p , 

(21) 

where G is the Gibbs energy, S is the entropy and the 
subscripts land g refer to the liquid and gaseous 
phases, respectiv~ly. The entropy of vaporization, neces
sary for the implementation of equation (21), was cal
culated using equations (2), (3), (4), and (5). 

The actual fitting of equation (17) was accomplished 
by using many different thermodynamic properties 
simultaneously. However, f~r each property the second 
virial B(p, T), as discussed in section 5, was preserved, 
and the fitting was performed on a ilP of 

ilP=P-pRT[l+B(bi , T)p] 

= remainder of equation {l7), 

or some function of ilP. 

(22) 

For an example of simultaneous use of different kinds 
of data in least squares techniques see section 5. 

As a result of including the thermodynamic relation
ships of equations (20) and (21) in' the actual least 
squares estimation procedure, the derived thermo
dynamic properties in the liquid state (T < T c and 
p > Psat liQ) may be calculated by the integration of the 
equation of state across the two-phase region assuring 
mathematical continuity. Usually when an equation of 
state is used to calculate the derived properties in' the 
compressed liquid region (T < Tc and p > Psat liq) some 
alternate method of crossing the two-phase region is 
used which always creates a discontinuity in the calcu
lations at T c for all P > pc. 

The least squares fit as described above was also 
constrained at the critical point to 

( a
2p) _ (ap) _ 0 

apt T -- ap T--
(23) 

and to the state point of P c= 2.2449 atmospheres, 
pc = 17.3987 moles/liter, and Tc = 5.2014 kelvin. 

6_~_ J;dimation of th@ Co@ffici@nts far R@gion II af th@ 

Multi-Fundion Equation of State 

The coefficients for equatIOn (17) in table 9 were 
rlp.tp.rminp.n hy Ip.aj;\t l'\qnare~ p.stimation Ill'\ing several 

different kinds of input data simultaneously. Selected 
P-V-T data from Lounas~aa [50]. el Hadi [22], Roach 
[67], Glassford and Smith [25] Kierstad [47], Edeskuty 
and ~herman [17], and GriHy and MiHs [lHJ were included 
in the fit together with Cv data from Lounasmaa [50]. In 
addition to the experimentalP-V -T and Cv data, values of 
P-V-T, (ap/aph, caP/aT),.., and Cv calculated from 

the equation for region III were included in the least 
squares treatment of region II. About 20 points for each 
of the above properties were used for both 10 and 15 K. 

The critical point constraints of section 6.1 ~ere also 
included in the fit of this region. The accuracy of the 
~esulting P-V-T surface is discussed in a later section. 

6.4. Estimation of the CoeHicients for Region III of the 
Multi-Function Equation of State 

The coefficients for equation (17) in table 10 were 
determined by least squares estimation using several 
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djfferent kinds of data simultaneously. Selected P-V-T 
data from Lounasmaa [50], Glassford and Smith [25], 
Canfield, et a1. [9], Sullivan [71], Wiebe, et a!. [77], 
Hall and Canfield [30], Crilly and Mills [28], were 
included in the fit together with Cv data from Lounasmaa 
[50] and Dugdale and Franck [16]. 

The critical point constraints of section 6.2 were also 
included in the fit of this region. The accuracy of the 
resulting P-V-T surface is discussed in a later section. 

7. Derived Thermodynamic Properties 
Relationships 

All of the tabulated property values appearing in 

in appendices C and D have been calculated using equa
tion (17) as explained in section 6, and the following 
relationships: 

s = S~o - R In (PR,£\ + J P [!i - 12 (d~ ] dp 
Po) TOP P af} P 

+ (T CO dT (24) 
JTo P T ' 

H = HO + f P [!.. - I. (dP\ ] dp 
T <I T! [) p2 p2 iJ T} p 

+~-RT+JT COdT, (25) 
P To l> 

where S~o = 37.511 J/mo) K, and H~o = 87.348 J/mol, 
C~ = 5/2 R, C~ = 3/2 R, To = 4:22 K and Po = 1.0 atmos
phere. The above values of S~o and H~o are based on the 
key values for thermodynamics reported in CODATA 
Bulletin [14]. The Stand H~o given here differ by 
0.443 J/mol K and - 58.980 J/mol, respectively from 
the earlier tables of McCarty [55, 56] and Mann [53]: 

fp T (a2~ C=Co- --dp 
v v p2 dT2 ' 

TOP 

(26) 

Cp = Cv + T (d~T 2/(a~ -.!.., aT)p ap)TP2 
(27) 

W= [(~:) (:~Jl/2 (28) 

. In all cases the input variable pair was. pressure (P) 
and temperature (T). This requires an iterative solution 
of equation (17). In the course of preparing the tabula
tions it was learned that in solving equation (17) for 
density, for all pressures at temperatures below 15 K, 
it is important to begin the iteration with a reasonable 
guess. For T < Tc , and P < P sat , the starting ·value for 
density should be p < Psat. For T < Tc , and P> PSah 
the l5l!:I.l-lillg'Value fur UeUl5ily l:.'ituulu be P > Psat. F01' 

T> Tc , the starting density of 1.5 pc' will work for all 
pressures. The reason for this is that a whole set of 
unwanted solutions exist in the liquid-vapor coexistence 
region and another set exist at densities slightly larger 
than the solid densities at temperatures to 20 K. 

The transition between the various regions of equation 
(17) was handled the same way with the derived proper-
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ties as it was with the P-V-T. For a detailed explanation 
of this see section 6. 

8. Evaluation of the Equation of ~tate and 
Tables 

There are numerous tests which can be applied to an 
equation of state. One of the most important is how well 
the equation reproduces experimental data. Others a:re 
not quite. so direct, but nevertlIeless they are important. 
Each subsection in this section will deal with a panicular 
property or problem relating to the validity of the equa
tion of state or the tabular data. 

8.1. Comparison of Experimental and Calculated 

P-V-T Data 

No attempt will be made to compare the equation of 
state with all of the existing experimental data. Com
parisons with the data used in the fit will be made, and 
in some cases data which were not used in the fit but 
which are of particular interest. 

Wiebe, et a1. [77] reported helium P-V -T data for six 
isotherms from -70 to 200°C for pressures to 1000 
atmospheres. The 50, 100, and 200°C isotherms were 
used in estimation of parameters for equation (17). A 
comparison of their data for the higher temperature 
isotherms with values from the region III equation of 
&tate in section 6 i& shown in figure 10. 
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The P-V-T measurement's by Canfield, et al. [9] 
cover the temperature range from 133.15 to 273.15 K, 
with intermediate isotherms of 143.14, 158.15, 183.15, 
and 223.15 K. A selected set of data from each isotherm 
was used in the estimation of parameters for the equa
tions of state. A comparison of these data with values 
from the region III equation of state in section 6 is 
shown in figure 11. 

Briggs, ct 0.1. [8] measured the 0 °C isotherm to 800 
atmospheres with exceptional care. They claim an ac
curacy of 0.025 percent in Z. These' data were not used 
in the estimation of the equation of state parameters 
because they Were of limited scope in a region where 
adequate data exist over a much larger range of pressure 
and temperature. Figure 12 is a deviation plot between 
these data and values calculated fcum tIlt:: legion III 
equation of state. 
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The P-V-T measurements of White, et ale [76] cover 
the range of temperatures from 20.0 to 273.15 K. These 
isotherms were included in the second virial analysis 
and exhibited more scatter than some of the other data. 
Only the isotherms from 20 to 60 K were included in the 
estimation of the parameters for the equations of state 
given in section 6. A comparison of these data with 
values calculate'd from the region III equation of state 
in section 6 is given in figure 13. 

The P-V-T data for helium by Sullivan [711 include 
isotherms from 70. to 120 K with pressures to 690 
atmospheres. Most of these data were included in the 
estimation of the parameters for the equations of state 
in section 6. A comparison of these data with values 
calculated from the region III equation of state in sec
tion 6 is given in figure 14. 

Hall and Canfield [30] reported isothermal P-V-T 
data for the He-N 2 system. These measurements in
clude data for pure helium at three temperatures, 

190°C, -170°C, and -160 °C with pressures to 700 
atmospheres. Most of these data were included in the 
estimation of the parameters for the equations of state 
in section 6. A comparison of these data with values 
calculated from the equation of state for region III is 
given in figure 15. 

Lounasmaa [50] n::purl~d ~xp~rimental P-V-T data 
for helium between the temperatures of 3 and 20 K. 
These data were taken along isochores for 25 different 
densities ranging from about 0.5 critical density to 
about three times critical density. This particular set 
of data is of prime importance to this correlation and 
they will be discussed at greater length than most of 
the other data sources. When forming an equation of 
state for a fluid it is highly desirable to have a . single 
data source which extends from the gaseous region 
at temperatures' well below critical temperature to the 
liquid region at corresponding temperatures and ex
tending to temperatures of at least three times critical 
for the same range of densities covered by the sub
critical temperature range. These data cover this im

portant range of state conditions, and there are over 
250 data points; however, there are some other prob
lems~ First it is the only data set for helium which 
covers this range of pressures and temperatures making 
comparison possible only at isolated points usually 
at the extremities of the data. Where these comparisons 
are possible the agreement is not good. Lounasmaa 
[50] compares his results with the earlier work of 
Keesom and Keesom [38] and Holborn and OUo 
[34]. Keesom and Keesom's [38] data were taken 
in the liquid region at temperatures of 3 to 4 K with 
pressures from 10 to 30 atmospheres and disagree with 
Lounasmaa [50] systematically by slightly more than 
] pp.r~ent in density (Lounasmaa's; densities are higher)_ 

The comparison with Holborn and Otto's [34] data is 
made for 20 and 15 K with pressures to 92 atmospheres 
and the disagreement is from -1 percent to + 1 percent 
in density. Edeskuty and Sherman [17] reported 
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helium-4 P-V-T data for the dense liquid phase in the 
temperature range of 2.2 to 4.2 K with pressures to 
140 atmospheres. These data generally disagree with 
Lounasmaa by about 0.8 percent in density. Glassford 
and Smith [25J measured P-V-Tdata from 4.2 to 20 
K at pressures from 100 to 1300 atmospheres and in the 
small region of overlap with Lounasmaa's data the dis
agreement is 1.3 percent in density. Figures 16, 17, 
and 18 show the deviations between densities calcu
lated using equation (17) and Lounasmaa (50 J , Edeskuty 
and Sherman [17], and Glassford and Smith [25], 
respectively. 
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of state 
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The deviation plot for the Lounasmaa data (figure 
16) shows the largest deviations at temperatures ap
proaching the critical temperature for densities of 
25 moles/liter and below.' This is possibly due to 
the uncertainty in the temperature measurement. 
Lounasmaa 1,lsed a clirbon resistance thermometer 
calibrated against a gas thermometer to measure tem
peratures between 4.2 and 12 K. He estimates t4e 
accuracy of the gas thermometer to be ± 0.005 K. 
The uncertainty of Lounasmaa's temperature measure
ments between 4.2 and 12 K are estimated here to 
be ± .015 K. Near critical conditions where' (ap/aT)v is 
large, an error in measuring the temperature cor
responds to a large uncertainty in density. For example 
at 5.2 K and 2.3 atmospheres the density is 0.0886 
gm/cm'J amI au t:lTUl uf 0.015 K iu It:IUjJt:l'aluIt: wuuhl 

correspond to an error of 0.0035 g/cm3 or about 4 per
cent. However, the classic equation of state density 
deviation pattern for the near critical region is also 
illustrated in figure 16, i.e., for densities less than critical 
density an equation of state tends to predict densities 
which are too large and for densities larger than critical 
density, an equation of state tends to predict densities 
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with the equation of state 

which are too small. The 13.93 2 and the 24.66 molest 
liter isochores show such a pattern while the 19.25 and 
20.45 moles/liter isochores do not follow this pattern. 
In the author's opinion the questions that these strange 
deviation patterns raise will only be answered when new 
definitive mea5urenlents ale made. 

Grilly and Mills [28] published P-V-Tdata for helium-
4 along the melting line. Figure 19 shows the dIfference 
between the densities reported by Grilly and Mills 
[28] and those calculated from equation (17). The 

2 The densities in L"unasmaa's thesis are tabulated in reduced form. By private cor
respondence with Lounasmaa he suggested that the correct reducing factor is 0.0688 glcm" 
instead of 0.0693 as reported in the thesis. 
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30.7 K point corresponds to a pressure of 3555.6 kgl 
cm2

• These data were included in the least squares 
estimation of the equation of state parameters in regions 
11 and Ill. 

Kierstead [47] published P-V-T. data along the 
lambda line. These data were included in the least 
squares estimation of the equation of state parameters 

for region II. Figure 20 is a deviation plot for density 
between Kierstead's [47] experimental densities and 
densities calculated from equation (17). 

KeHer [41] published isothermal P-V-T data for 
helium-4 at low densities for temperl;ltures between 
2.15 and 3.96 K. These dqta were included in the deter
mination of the second. viria! coefficient as described 

earlier. Figure 21 shows the deviations between the 
experimental and calculated pressures. ' 

The P-V-T data for the saturated liquid and vapor 
of heliurn-4 used in the determination of the parameters 
for the equation of state in regions I and II are priinarily 
from el Hadi [22, 23]. A few points from Roach [67] 
were also included (see the section on the critical point). 

A deviation plot for the el Hadi [22, 23] data is given 
in figure 3. 

As mentioned earlier in this section, the Glassford 
and Smith [25] data disagree with those of Lounasmaa 
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FIGURE 21. Comparison of pressures from Keller [41] with the 
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[50] by about 1.3 percent in density in their small region 
of overlap. This region of overlap occurs at the lowest 
densities measured by Glassford and Smith [25] When 
a comparison of Glassford and Smith's {25] data along 

the melting curve is made with similar data by Grilly 
and Mills [28], two major disagreements result. First, 
the melting curves (P-T curve) agree at temperatures 
of about 6 K and below, but differ systematically from 
a 0 difference at 6 K to about a 0.15 K difference at 
16.5 K. (Glassford and Smith's [25] P-T curve is above 
the Crilly and Mills' [28] curve.) Second, the densities 

of Glassford and Smith [25] along the melting line dis
agree in a more random fashion with those of Grilly and 
Mills [28] by as much as 2 percent. 

Yigure 18 shows a pronounced systematic deviation 
pattern between the data of Glassford and Smith [25] 
and the equation of state. This systematic difference 
between the Glassford and Smith (25] data and the 

equation of state , in the author's opinion, is due primarily 
to systematic errors in the experimental data. 

8.2. Comparisons of Experimental and Calculclted Cv 
Data 

A selected set of the experimental C v data of Lou
nasmna [50] were included eimultaneoul5ly with P-V-T 
and other data in the least squares estimation of the 
parameters for equation (17). In figure 22 the solid lines 
are Cv for helium along lines of constant density, taken 
from the smoothed tables in Lounasmaa's thesis. The 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 
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of !ltate 

dashed line is the C t' predicted by equation (17) for the 
same line of constant density. 

Dugdale and Franck [16] measured the C v of helium-4 
of thc solid and highly dcnsc liquid phascs at tempera 

tures from about 7 to 30 K. Figure 23 shows the differ
ence between the experimental C t' data and the C t' 
predicted by equation (17) for the same density and 
temperature. The C v at a density of 84-96 moles/liter 
and a temperature of 29 K corresponds to a pressure of 
1892 atmospheres. For a discussion of C t' errors see 
~ection B.S. 
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B.3. Comparison of Experimental and Calculated Speed 
of Sound 

Gammon and Douslin [24] published experimental 
:speed:; of :sound for helium-4 for 14 isothcrms covcring 

the range of temperature from -175 to 150 °C with 
pressures to ISO atmospheres. Figure 24 shows the 
difference between the experimental and calculated 
velocities of sound for two isobars. The deviations for 
the intermediate isobars all lie between these two, and 
the deviations at lower pressures are" all less than tl~ose 
shown for thc 50 atmosphere isobar. 
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FIGURE 24. Comparison of speed of sound data from Gammon and 
Douslin [24} with values calculated from the equation of state 

Van Itterbeek, et al. [75] measured the speed of sound 
for helium-4 at 4 temperatures ranging from 70.2 to 91 K 
for pressures to 75 kg/cm2• A comparison of these data 
with those predicted by the equation of state (equation 
(17)) indicated a maximum deviation of 0.39 percent and 
an average deviation of 0.15 percent. 

The speed of sound data of Plumb and Cataland [66] 
were used to determine the second virial coefficient (see 
section 5). These data range in temperature from 3.23 
to 20 K with pressures to about 1 atm. The equation of 
state reproduces these data with a maximum difference 
of 0.1 percent and an average difference of 0.02 percent. 

Atkins and Stasior 11 J measured the speed of 
sound for liquid helium-4 from 1.2 to 4.2 K for pressures 
to 69 atmospheres. A comparison between their data 
for temperatures and pressures included in this cor
relation with those calculated from equation (17) 
show a 2-4 percent disagreement (values calculated 
from equation (17) are lower) for the saturated liquid 
and an average and maximum disagreement of about 
0.75 percent and L 75 percent, re!;pectively, for thp. 
remainder of the data. 

8.4. Comparison with Other Correlations 

Comparisons with several other correlations have 
been !pade. A correlation carried out in the USSR 
by Tsederberg, et a1. [72] covered the temperature 
range of 0 to 3000 °C with pressures to 200 bar. The 
maximum difference in pressure between Tsederberg 
[72] and this work is - 0.2 percent at 200 bar and 
o Qe. The only other point whi~h np.viatp.n a~ much a~ 
0.1 percent is at 3000 QC and 200 bar. This represents 
an extrapolation of the equation of state (equation 
(17)) used here from 1400 to 3273.15 K. 

Another correlation of the properties of helium by 
Peterson [65] of the Danish Atomic Energy Commis
sion covers the range of temperature from 273 to 1800 K 
with pressures to 100 bar. A comparison of the tables 
by Peterson [65] with this work, revealed no differ
ences greater than 0.06 percent in pressure over the 
entire range of pressure and temperature. 

A correlation of the thermodynamic properties of 

helium by Mann [53] covered the range of tempera
ture from 3 to 300 K with pressures to 100 atmospheres. 
Figure 25 shows the percent deviation between Mann 
[53] and this work for all the properties tabulated 
by Mann. There are two points to be noted in figure 
25; first, the devia.tions were calculated on the basis 
of specifying a pressure and temperature; and second, 
for temperatures greater than 10 K, the differences 
seldom exceed 1 percent. 

A correlation of the thermodynamic properties of 
helium by McCarty [55] was issued on an unpublished 
interim basis and is a report on work preliminary to 
this document. The tables in this earlier report were 
calculated with the same equation (equation (17)) but 
with a. single set of coefficients for the entire tempera
ture pre9sure range. The propertip.~ in thij;l preliminary 
report are not as accurate as those tabulated here 
especially in the region of high density (p > pc) at 
temperatures below 15 K. The present tabulations 
should be used in preference to the earlier ones. 

A correlation of the thermophysical properties of 
helium by McCarty [56] is based on this work, and the 
thermodynamic properties in that publication are 
identical with those tabulated here with the exception 
of units and a different reference state for entropy and 
enthalpy (see section 7). The earlier publication was 
intended to make tabulations available as soon as pos
sible and does not contain any of the details of the 
correlation given here, the earlier publication does 
tabulate a number of pruperties such i:lS thermal Cun

ductivity, viscosity, dielectric constant, and special 
parameters used in heat transfer calculations. The 
additional properties tabulated in the earlier publi
cation are of interest to a limited audience and in 
some cases are highly uncertain and are therefore not 
appropriate tq include here. 

B.S. Discussion of Errors 

There are a few general comments which may be 
made about the accuracy of the helium tables. First it 
seems that for temperatures above 15 K the maximum 
error in any of the properties should not be much more 
than 1 percent, except perhaps the Cp in the transposed 
critical region (locus of maxima of C p along isobars for 
pressures greater than critical pressure) which is still 
p.vidp.nt hp.twp.p.n 1 f\ and 20 K. Tn thp. rangp. of tp.mpp.ra
ture from 30 to 70 K there are no reliable experimental 
data above about 30 atmospheres, which makes the 
estimate of 1 percent in this range a speculation; 
however at 30 K there are P-p-T and Cv-p-T data to 
nearly 3000 atmospheres, and these data agree well 
with the equation of state. For temperatures above 
about 500 K there are no data for pressures beyond the . 
second virial coefficient range, but the contribution of 
higher order virials becomes so small that the 1 percent 
estimate seems realistic. 

Below about 10 K one begins to encounter uncertain-

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 
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;: ties greater than 1, percent in most of the properties, 
e$pecially in the high density fluid. The region of greatest 
llncertainty in the tabulated properties is for tempera~ 
tur~s· below' 7K and . densities greater than critical 
d'ensity., The estimates of errors shown· in figures 26, 
27, .·an.d·28 are hased 'on many different . factors ·but 
pihii81jly . uil lh~ UJlC~lLClillli~lS· uf lh~~xV~l'hut:mlaI UClla 

iused Ih determining the equation of state and the agree~ 
iIJienthetween those data and the equation of state. 
, ilrie:eneral the estimated error of ell is the 'same as 

:'(;~,except in .the critical region and. the transposed 
critical· region where th~ calculation of C p depends 

Cheav.Uyon the compressibility, and the compressibility 
,~n this 'region is uncertain by several percent. Therefore, 
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the uncenaintyof, Cp . in the region outlined above is 
greater, . but unfortunately it, is difficult to· estimate .how 
much greater. 

,In the two regions of uncerta,intyof greater than 10' 
percent in figure 28, the incorrect functional form of the 
equation of state is at fault. In the critical region the 
calculated' C v is too small beccuusethe equation. of state 
is . analytic at. the critical point; 'and in the· dense, fluid 
region 'along the solid line,the equation ofstat~ .predicts 
a C" which is too large because the influence 'of the, 
upturn inCv as th~ lambda line is approached has car,: 
ried on up the solid line to a region where experimental 
evidence indicates no, such upturn .', exists. The Cp 
calculated via the equation of stale in these two re¢om:: 
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FIGURE 26. Estimates of uncertainty in densities calculated using the equation of state 

will also be affected but not in the same manner. The 
Cp from the equation of state at the critical point is 

infinite as it should be and therefore will not directly 
follow the error in Cv, however in the dense fluid 
region along the solid line, the error in Cp will follow 
the error in Cv more closely. See section 11 for the 
Cv along the melting curve. 

9. Thermodynamic Properties in the Critical 
Region 

The equation of state given in section 6 is constrained 
to a critical point of Pc=2.2449 atm (2.2746 X 105 Pa); 
Tc=S.2014 K; and pc=17.399 mol/I. The first and 
second partial derivative of pressure with respect to 
density at constant temperature are also constrained 
to be zero at the above critical point. These constraints 
are quite easily made with essentially no detrimental 
effect to the P-V -T surface of the equation of state in 

other areas; however, even with the above constraints 

imposed upon the equation of state, the behavior is 
still not qualitatively correct at or near the critical point. 

To achieve the qualitatively correct Cv in the critical 
region, the partial derivative (a2p/aTl)p must become 
large. If this condition is included with the other con
straints, the deterioration of the P-V -T surface outside 
the critical region is disastrous. In other words, the 
mathematical form of the equation of state is not cor
lt~cl al Lht:: caiLic(11 }JuiuL. Quilt:: a lUl uf eX}Jerimentilll:; 

was done with different mathematical forms whiCh 
permit the proper behavior of Cv at the critical point. 
In every case. if the equation had proper C" behavior. 
the necessary parameter estimations became difficult 
and the equation would not allow a closed form of the 
integrations necessary for the fitting and calculation 
of the derived thermodynamic properties. 

In the last four or five years there has been quite 
a lot of theoretical and semi-theoretical work done on 
the equation of state and scaling laws for fluids in the 

near critical region (see, for example, Hohenberg and 

J. Phys. Chern. Ref. Data, Vol. 2, No.4, 1973 
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Barmatz [31], Kierstead [45] and Greer, et a1. [27], and 
Vicentini-Missoni [75a]). Th~::;~ ~yuaLiulls have been 
quite successful in predicting the thermodynamic 
properties of fluids in the critical region. 

All of these equations predict the anomalous behavior 
of fluids at the critical point, are therefore non-analytic 
and present the same problems encountered by the 
author in a more empirical approach to the problem of a 
~athematical model that would give qualitatively 
correct Cv's in the near-critical region. There does not 
seem to be any simple way of combining the non
analytic equation of state, in the critical region with the 

analytic forms of the equation of state which is a more 
desirable form over the rest of the fluid phase space. 
For this reason the properties of the critical region will 
be given in the form of tables, graphs and references. 
If the reader needs a mathematical model of the equa· 
tion of state for helium he is referred to the three refer
ences in the previous paragraph. 
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9.1. P-V-T in the Critical Region 

The critical region of ~elium-4 has been the subject 
of intensive experimental investigation in recent years. 
Many properties of helium have been measured. Roach 
[67], using the capacitive technique, measured the 
dielectric constant of helium-4 at over 500 different 
state points in the immediate vicinity of the critical point. 
The dielectric constant was then converted to density 
via the Clausius-Mossotti equation, 

3M (E-I) 
p= 47TP E:+ 2 • 

(29) 

where E is the dielectric constant, M is the molecular 
weight, and p is the molar polarizability. Roach assumed 
p to a constant of 0.1230 cm3/ g. An experimental mea
surement of p for helium [43] indicates p is a function 
of density 

p= 0.123396 - O.00l4p, (30) 
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where p is in g/cm3• All of Roach's experimental den
sities were adjusted to reflect the p of equation (30). 
Roach's P-V -T data contain 38 points on the saturation 
curve between 5.004i K on the vapor side to 4.9332 K 
on the liquid side. Figure 29 is a plot of Roach's data 
with the temperatures adjusted by equation (3). The 
solid lines represent Roach's data and the dashed line 
is from the equation of state (equation (17». Edwards 
[19] and others have also measured P-V-T of helium 
in the critical region. Roach's data were chosen because 

of the large number of measurements made over es
sentially the entire critical region. Roach's saturated 
liquid and saturated vapor densities disagree with those 
of el Hadi [23] in their small region of overlap by a little 
over 1 percent. At first thought this would seem ex
cessive; however, translated into temperature the dis
agreement becomes about three millidegrees. A 3 
millidegree disagreement is not large and one would 
have to say that they agree to with the precision of 
the measurements. On this same basis of comparison, 
Edwards is also in agreement with the other two sources. 

The maximum difference between pressures from 
equation (17) and those of Roach is 0.3 percent. The 
average difference is 0.08 percent. The difference 
between the calculated and experimental densities, 
however, may be as much as 7 percent. 

The equations for the density of the saturated liquid 
and vapor phases (equations (4) and (5») as well as the 
vapor pressure equation (1) do not have the correct 
functional form to be consistent with the scaling laws. 
According to scaling law theory the equation for the 

saturated liquid and vapor densities as a function of 
temperature should not contain the term which has 
the exponent of 2/3. Equations (31) and (32) have been 
fit to the same data as equations (4) and (5) but the 
term with the 2/3 power has been left out and the f3 
was determined from Roach's 167] data above. 

p!J= pc+A!J(l- T/Tc)fJu-

6 (1+ i-2) 

+ ~ SCyi(l- T/Tc) 3 .. (31) 
i=2 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 
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FIGURE 29. A temperature' density plot of Roach's experimental P-V-T data for helium·4 in the near 
critical region 

and 

(32) 

where ,8,/= ,8/=0.355444213 and the' SC'/i and SC'i 
are given in table H. The temperature scale used in 
equations (4), (5), (31) and (32) is the 1958 helium vapor 
pressure scale adjusted by equation (3). The deviations 
between experimental densities and those calculated 
from equations (31) and (32) are almost identical to those 

shown in figure 3. 

TABLE II. Coefficients for equations (31) and (32) 

AII =-9.242639719 X 10-2 

SC"2 = -1. 7283968156 X 10-1 

SCr/• = 6.2888605651 X 10-1 

SCr/.=-9.6729472221 X 10-1 

SCII• = 7.8552645724 X 10-1 

SCIIS = - 2.5054802998 X 10-1 

At. = 1.0914951199 X 10-1 

SCI. = - 5.7354057366 X 10-1 

SCI ,,= 2.8890961508 
SCI. = - 5.8442373556 
SCI. = 5.4230756349 
SCt ,=-1.9428808351 

The equation for the vapor pressure of helium be
tween the critical temperature and the lambda point, 
equation (1), is based on the 1958 helium-vapor-pressure 
temperature scale. It seemed worthwhile to preserve 
this representation of that temperature scale even 
though the functional form is known to be incorrect. The 

segment of the vapor pressure curve from the normal 
boiling point was re-fit to a functional form consistent 
with scaling law theory utilizing new information by 
Kierstead [461 about the shape of the vapor pressure 
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curve at the critical point. Equation (33) has been con
strained to the points listed in table 1 except the dPldT 
at 5.1994 K is 1289200.0 Jl.m Hg/K, Kierstead [46], and 
the constraint to the lambda point was omitted. The 
temperature scale is handled exactly as is reported in 
section 3. 

9 

In P=A p1 (l-T/Tc)a+ L APi(T/Tc)(i-3) , (33) 
i=2 

where P is in /-tm Hg, T is in K, Tc = 5.1994 K, and a is 
1.9. The APj are given in table 12. The deviations be
tween the 1')58 helium scale and equation (33) are about 
the same as those encountered with equation (1). 

TABLE 12. Coefficients for equation (33) 

Ap ,= 3.3091363152 X 101 

Ap.= 3.7434535255 X loa 
Ap3 =-3.0462038761 X 1()4 
Ap.= 1.0603013575 X lOS 
A".=-2.0478248349X lOS 

Ap. = 2.3721292437 X 1()5 
Ap7 =-1.6478097574x lOS 
Ap.= 6.3552729819 X 1()4 
Ap.=-1.0499388807 X 1()4 

9.2. Specific Heat in the Critical Regions 

The behavior of the specific heat at constant volume, 
C v, in the critical region has been the subject of both 
experimental and theoretical investigation in recent 
years. Theoretically the scaling laws predict C v to be
come discontinuous and very large as the critical point 
is approached. The C v data taken by Moldover 160) 

have been extensively studied in conjunction with the 
scaling laws. Figure 30 shows the experimental C l' data 
for helium-4 taken by Moldover [60]. The experimental 
temperatures have been adjust.ed by equation (3). 
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The specific heat at constant pressure, C p, is usually 
obtained by using experimental m"easurements of C v and 
the relationship 

TABLE 13. C v for helium-4 along the A curve 

The Cp's shown in figure 31 were obtained by using 
Moldover's [60] Cv data and the derivatives (aPlaT)p 
und (aP/ap) T calculated ftom equation (17). The experi
mental temperatures have been adjusted by equation (3). 

p g/cm3 

1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 

CvJ/mol'K TK 

46.7 2.15 
43.8 2.12 
40.8 2.08 
37.5 2.03 
33.8 1.96 
29.8 1.88 
25.1 1.77 
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Lounasmaa reports these values of Cv to be estimates rather"than 
measured values. 
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_10. Thermodynamic Properties Near the 
Lambda Line 

Thela111bdal1he forhellum-4 Is ,the DOUlidary between 
:'t~~two phases of helium known as helium land helium 
JJ:. Figure; 9 shows the lambda line on i;l P-T diagram. 
--'rne;so-ca,lled laIIlbda phase tra11sition which' occurs at 
:pr~s~uresand. temperatures ·to· the:leffof th.e lambda 
{~ne'and abo~~., the. vapor pressure curye~ is the super-
9uid'phase'of 'helium-4. The' superfluid- region will' not 
:~e:consideredhere at all The lambda line may be ~e
:~cIihed .. iR terms .. of· one state variable as' a function '. of 
'~l)~ther.-state .·variable. Two such ,equatiorisare given 
·;Pt1Qw. These equations ·are fro~ Keirstead [47]: 
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. bo~ OA2800749 
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·b2=~ .. 86AI7 
'b3~~103;Mi .' 
~4=-77;52175 . 
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': d~~~'O.150735' 
'd;:;:~,0,3298225 

di=:'" . O~53031333 
;d4=-~ 0.3S3035, '. 

. ds.="':'0.OO226388 
:d6 ,==, 36.7348. 

Thp.p.ql)ation 'of state in . ~ection· 6predi~ts r~asona.ble· 
densities .for .• aP~Ti~put()n. the~aInbdaJirte.,If.ap:"T: 

-lIiputfrom.·the lamhda Jin:e ischoseIl,lhe presstirewre. 
, dicted- ~!dle.· equation of.' stat~ ·.will . disagre~\Vith : th.e:: 
abovepressure~'by seyeralpe~~ent.rhis·Qccurs}je~a:tl:Se·-
of .• a '.' vetf· .. large ... ( a pi a p ) v.'. arid ab6-11tip.3 •• ·l>~rc~nl\1ll'~er-~ 
taintYin-:p.M,lof the va~ues~tableJ5-hav~ be,eIl:eat-:, 
~ulated from 'equations . (35) and {~6), eX:ce~tth~,upp~~' 
lam. bda po. intvalue whichc'omes -frollI Kierstead [47J> , 

Temp. 
.' 'K 

2~1720 
·2.15 
2.10 

, . 2~05-" 

2.00 
_1.95 
1.90 .' 

1.85 
L80 
1.7633 

, . 

TABLE 15: P--p-Tofthelambdalln~' 

Pressure Ceq (35)} Density Ceq (17)]'nensity[eq(.i6)(" 
'a,tm '. ·g/crit3:·-~lcm~>::': 

~O.04974 
2~33 

6,84" 
1O~91 

14.68' . 
18.22 . 
21.55 
24,70 
27.67 
29~74 

0.14624: 
0.15082~ 

0.15769 . 
0~16257< 

0~16650 

o.i6~7 
'0.17288, 
0~17568 

O.1784(} 
0218041 

. Lounasmaa{ 49]. published themlodYIlamic propertie~ 
of heHum~4. along: th~. ~. curve. '[heG v val~e~ia~lllated 
in table 13. a~etaken.from· ~ounasmaa's[491paper~:IHe 
equation of state . ~ven . in' secti()D _6 . does ,predictrui in; 
crease .in- Cvas thelaIllbdalin~.isapproached,but ,the 
increase is too small and th~'C vhasbeen 01!litted'inthe" 
tabl.es o.i. A.'. ppe. nd .. ix D .. ' where .•. ,'.th .. ·e.·.··.s ... t.lit .. e.p. Qin .. 't. i.s.to~. ·cl.,.6. s ..... e.·· .• · ........... ".-

to the lambda line~ If C~'sarerequirednearthel~Jhb:da, 
line they may be obtained':hYinterp()lat~~g' b~t)Veentb.~; 
C/sgiven in table 13 antl the Cv's inth~ta.blesoLAjJ~.· 
pelidix' D~', The temperaturesJn iable\3aie()ri.th.e-~T58 
scaie. 
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The partial derivative (aP/aT) , for isochores crossing 
he lambda line also shows anomalous behavior. An 
".ample from Lounasmaa and Kaunisto [51] is shown 
below in figure 33. 

The speed of sound measurements by Atkins and 
Stasior [1] exhibit a slight anomalous behavior along the 
lambda line. An example is given in figure 34 which is 
tttken from Atkins and Stasior [1]. 

11. The Melting Curve 

The melting curve for helium has been measured by 
many experimenters. For the purposes of this correla
tion, the measurements of Mills and Grilly [59] have been. 
used. These measurements extend from the upper 
lambda point to 30.77 K where the pressure iI, 3555.6 kg/ 
cm2• Mills and Crilly [59] give values of 1l=-17.80. 
b= 17.314'57 and c= 1.555414 to the Simon melting 
equation: 

P=a+bTc, (37) 

where P is in kg/cm2 and T is in kelvin. The range of 
validity for this equation is reported to be 37 to 3500 kg! 
cm 2• 

550 

500 Solidification 
CUr've 

450 

400 

350 

250 

200 

150 

a 

EI -5 
-~ o 

--rJ:---r 
I I P = I 0.1591 
I 
I p=0.1653 ~~::~!\I ------ ! ~ p=O.l724 

-20 
P =0.1761 

-25~--~----~--~--~--~----~--~ 

1.80 1.90 2.00 
T, K 

2.10 

FIGURE 33. Pressure coefficient, (aPlaT}p, for helium across the 
lambda line 

'0 0 

Saturoted 
Vapor 
Pressure 

0 

69 
atm 

oQ 55 

42.5 

35.2 

28.2 

4.48 

100~~--~--~---~~--~--~--~~J_'~~~--~--~~ 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

TEMPERATURE, K 

FIGURE 34. Speed of sound for liquid helium 
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In a later publication [28], the equation: 

P=A + BT+ CT2+ DT3+ ET4, (38) 

was used for the range of temperature from 1.8 to 5.2 K. 
P again ilS ill kg/cm2 amI lC:::U1,lJC:::l-alun:: lIS iu kc:::lvin. The 
reported rms deviation for this equation is 0.23 kg! cm2• 

The constants appearing in equation (38) are given in 
table 16. 

Table 17 shows the properties of helium-4 along the 
melting line. The equation of state, equation (17), pre
dicts erroneous values of Cv along the melting line for 

TABLE 16. Parameters for equation (38) 

A 33.280 
B 44.156 
C 31.749 
D -4.8159 
E 0.30313 

TABLE 17. Melting line for helium·4 

Temperature Pressure Liquid density Liquid Cv 
K atm mol/l lImo!' K 

2.0 37.25 46J18 
2.5 56.35 48.67 
3.0 78.91 50.97 
3.5 103.83 52.94 
4.0 130.49 54.63 5.77 
5.0 188.67 57.54 6.44 
6.0 254.77 60.25 7.08 
7.0 328.47 62.85 7.70 
8.0 408.27 65.30 8.29 
9.0 493.81 67.63 8.60 

10.0 584.82 69.85 8.84 
12.0 782.21 73.91 9.15 
14.0 998.83 77.37 9.37 
16.0 1233.37 80.43 10.43 
18.0 1484.81 83.34 10.85 
20.0 1752.29 86.07 11.18 
22.0 2035.05 88.67 11.43 
24.0 2332.48 91.17 11.65 
26.0 2644.01 93.60 11.85 
28.0 2969.14 95.98 12.03 
30.0 3307.44 98.34 12.21 

temperatures below about 10 K. These erroneous values 
of Cv have been left out of the tables in Appendix D. If 
Cv is needed in the region near the melting curve where 
they have been omitted in Appendix D, they should be 
obtained by interpolation between the values given in 
table 17 and those in the tables of Appendix D. The pres· 
sures in table 17 have been calculated from equa
tions (37) and (38). The densities listed in table 17 have 
been calculated using the equation of state, equation (17) 
and the adjacent P-T input. Above 10 K the C/s in 
table 17 have been calculated with the equation of state. 
For temperatures below 10 K the C,,'s in table 17 are from 
Dugdale and Franck [16]. 

J. Phys. Chem. Ref. Data, Vol. 2. No.4, 1973 

, 12. Joule-Thomson Inversion Curve 

The Joule-Thomson coefficient for a fluid is defined ai 

The locus of points where J = 0 is called the Joule 
Thomson inversion curve. The inversion curve fOJ 
helium using the relationship 

as calculated from the equation of state equation (17) 
is given in table 18. Roebuck and Osterberg [68] meas
ured the Joule~Thomson coefficient for helium. The), 
later published corrections to these data (Roebuck and 
Osterberg [69]). A sample comparison between their 
data and values calculated from equation (16) is given 
in table 19. The equation 

J=J
P 
[T(~~-v], (39) 

TABLE lB. louie-Thomson inversion curve 

Temperature Pressure Density 
K atm molll 

4.5 1.821 30.83 
5 3.768 30.68. 
6 7.266 30.03 
7 10.74 29.53 
8 14.10 28.99 
9 17.31 28.43 

10 20.36 27.86 
12 25.57 26.42 
14 29.29 24.72 
16 32.07 23.07 
18 34.44 21.61 
20 36.18 20.20 
22 37.33 18.82 
24 37.93 17.48 
26 37.98 16.15 
28 37.48 14.83 
30 36.40 13.49 
32 34.71 12.13 
34 32.32 10.71 
36 29.13 9.194 
38 24.89 7.527 
40 19.11 5.567 
42 9.80 2.780 
43 .03 .009 

TABLE 19. Comparison of Joule·Thomson coefficients at 1 atmosphere 

Temperature Joule-Thomson coefficient in K/atm 
K 

-Jexp - J calc. leq. (17») 

83.15 0.0380 0.0433 
93.15 0.0412 0.0476 

118.15 0.0503 0.0545 

133.15 fW540 0.0571 

173.15 0.0584 0.0612 

223.15 0.0606 0.0635 

273.15 0.0616 0.0644 

575.15 0.0573 0.0633 
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was used to calculate the J oule-Thomson coefficient 
from equation (17). Figure 35 shows· the J-T inversion 
c:urve for helium. The J oule-Thomson coefficients cal-

50 

Joule Thomson Coefficient = 0 

40 

30 
~ 

...... 

10 

o 10 20 
P,atm 

30 40 

FIGURE 35. Joule·Thomson inversion curve calculated from equation 
of state 

culated from ·equation (17) are in the author's opmlOn 
more correct than the experimental values listed in table 
19. 
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Temperature-Entropy Diagrams 
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The temperature-entropy diagrams forhelium in three temperature ranges are given in figures 36-38. 
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FIGURE 36. Temperature-entropy diagram for helium for temperatures from 2 to 12 K 
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Appendix B 

Symbols 

Nomenclature 
P - absolute pressure 
T - absolute temperature 
V - specific volume 
p - density (specific or molar) 
R - universal gas constant 
Z -compressibility factor PV/RT 
U - internal energy 
H -enthalpy 
S -entropy 
Cp - heat capacity at constant pressure 
Cv - heat capacity at constant volume 
J -Joule-Thomson coefficient 
B - second virial coefficient 
G - Gibbs energy 
W - velocity of sound 
{3 - critical parameter 
a - critical parameter 
€ - dielectric constant 
p - molar polarizability 
M - molecular weight 

Supc:r~cript5 

o _ ideal gas property 
* - real or ideal gas property at very low pressure 

- saturated liquid property 
g - saturated vapor property 
c - critical point 
A -lambda point, or line 
o - reference 5tate property 

sat - property at saturation 
t - triple point 
expr - experimentally determined property value 
calc - calculated property value 
melt - melting line property 

Subscripts on partial derivatives and integrals indicate 
which property is being held constant. 

J. Phys. Chern. Ref. Data, Vol. 2, No.4, 1973 

Appendix C 

Conversion Factors and Fixed Points 

Conversions and Physical Constants 

1 thermochemical calorie = 4.184 joules 
o °C=273.15 K (triple point of water=273.16 K) 
hR!01. r.onMant, R = 0.0820558 1· atmlmol' K 
Molecular weight of helium = 4.0026 g/mol (based on 

the carbon -12 scale) 
1 bar= 105 Pa 
1 atmosphere = 1.01325 x lOti Pa 
1 micrometer of Hg= 133.322 Pa' 
1 liter= 10-3m3 

Fixed Points for Helium 

Critical pressure = 2.2746 X 105 Pa (2.2449 atm)* 
Critical temperature = 5.2014 K* 
Critical density = 69.64 Kgl m3 (17.399 mol/l)* 
Normal boiling point = 4.224 K 
Lambda point temperature=2~177 K 
Lambda point pressure= 0.05035 X 105 Pa (0.0497 atm) 
Lambda point density (liquid) = 146.15 Kg/m 3 (36.514 

mol/I) 

M:Jeh~e~~~~'~:rkfs~t:!:s\:q~h!io:ri~lJ~1 ~a~;:r~~~:~ni~d 2too:h3s~ilU~i~:!e~~ii~:::aa'::dt~hs~ 
critical pressure slightly greater by 1 or 2 mm Hg. (See the discussion and references in eection 
3.> 



It: mper-
lure 
K 

+2.177 

"2.177 

2.20 
2.20 

2.25 

2.25 

2_30 
2.30' 

2.35 
2_35 

2.40 
2.40 

2.45 
2.45 

2.50 
2_50 

2.55 
2.55 

2.60 
2.60 

2.6!i 

2.65 

2.70 
2.70 

2.75 
2.75 

2.80 
2.80 

?R5 

2.85 

2.90 
2.90 

2.95 
2.95 

3.00 
3.00 

3.05 
3.05 

THERMODYNAMIC PROPERTIES OF HELIUM 4 

Appendix D 

Thermodynamic Properties of Coexisting Liquid and Gaseous Phases of Helium-4 

Pressure 
l()5Pa 

0.05035 
0.05035 

0.05326 
0.05326 

0.05994 

0.05994 

0.06717 
0.06717 

0.07497 
0.07497 

0.08337 
0.08337 

0.09241 
0.09241 

0.1021 
0_1021 

0.1125 
0.1125 

0.1235 
0.1235 

0.13;;3 

0.1353 

0.1479 
0.1479 

0.1612 
0.1612 

0.1753 
0.1753 

01903 

0.1903 

0.2060 
0.2060 

0.2227 
0.2227 

0.2402 
0.2402 

0.2587 
0.2587 

Density 
kslm3 

146.2 
1.177 

146.1 
1.235 

146.0 

1.365 

145.8 
1.503 

145.6 
1.649 

145.3 
1.805 

145.1 
1.970 

144.8 
2_144 

144.5 
2.327 

144.2 
2.521 

14.~.R 

2.725 

143.5 
2.939 

143.1 
3.164 

142.8 
3.401 

1.12.4 

3.648 

142.0 
3.908 

141.6 
4.179 

141.1 
4.463 

140.7 
4_760 

Thermodynamic properties of coexisting gaseous and liquid helium 

Isotherm 
derivative 

105 m 3 • Pa/kg 

0.0403 

0.459 
0.0405 

0.455 

0.0411 

0.451 
0.0416 

0.447 
0.0421 

0.442 
0.0425 

0.436 
0.0429 

0.430 
0_0433 

0.424 
0.0436 

0.417 
0.0440 

0.410 

0.0443 

0.403 
0.0445 

0.395 
0.0447 

0.388 
0.0449 

O.3S0 

0.0451 

0.371 
0.0452 

0.363 
0.0453 

0.355 
0.0453 

0.346 
0.0454 

- --
lsochore Internal 

derivative energy Enthalpy 
l().';Pa/K kJ/ke lu/ks 

0.0249 6.400 10.68 

1.60 - 11.49 - 11.45 
0.0261 6.458 10.77 

1.83 -1l.34 -11.30 

0.0289 6.582 10.97 

2.05 -11.20 -11.16 
0.0319 6.705 11.17 

2.23 -11.08 -11.03 
0.0350 6.825 11.37 

2.40 -10.97 ~ 10.91 
0.0384 6.944 11.56 

2.55 -10.86 -10.79 
0.0419 7.062 11.75 

2.68 -10.75 -10.68 
0_0457 7.177 11.94 

2.79 -10.65 -10.57 
0.0497 7.290 12.12 

2.90 -10.54 -10.46 
0.0539 7.401 12.30 

2_99 -10.44 - 10.34 

0.0583 7.510 12.48 

3.08 -10.33 -10.23 
0.0630 7.617 12.65 

3.15 -10.23 - 10.11 . 
0.0679 7.721 12.82 

3.22 -10.12 -9.99 
0.0731 7.824 12.98 

32.S -10.01 -9.883 

0.0785 7.924 13.14 

3.34 -9.904 -9.759 
0.0842 8.021 13.29 

3.39 -9.790 -9.633 
0.0902 8.116 13.44 

3.44 -9.673 -9.503 
0.0965 8.209 13.59 

3.49 -9.554 -9;370 
0.103 8.299 13.73 

959 

Entropy 
kJJke/K 

12.03 

1.782 
11.96 

1.849 

11.82 

1.907 
11.68 

1.960 
11.56 

2.008 
11.43 

2.053 
11.31 

2.097 
11.20 

2.138 
11.09 

2.179 
10.98 

2.219 

10.87 

2.258 
10.77 

2.297 
10.67 

2.336 
10.58 

2.375 

10.48 

2.414 
10.39 

2.454 
10.30 

2.493 
10.22 

2.533 
10.13 

C t, I 
Cp 

kJ/ks ·K 

3.20 

3.10 
3.20 

2.73 

3.20 

2.46 
3.21 

2.25 
3.21 

2.10 
3.22 

2.00 
3.22 

1.93 
3.22 

1.88 
3.23 

1.85 
3.23 

1.84 

3.24 

1.84 
3.24 

1.84 
3.24 

1.85 
3.25 

1.87 

3.25 

1.88 
3.26 

1.90 
3.26 

1.92 
3.26 

1.94 
3.27 

5.61 

3.16 
5.63 

2.81 

5.66 

2.56 
5.69 

2.38 
5.73 

2.25 
5.77 

2.17 
5.81 

2.13 
5.85 

2.11 
5.89 

2.10 
5.93 

2.12 

5.98 

2.14 
6.02 

2.18 
6.07 

2.22 
6.13 

2.27 

6.18 

2.31 
6.24 

2.37 
6.30 

2.42 
6.36 

2.48 
6.42 

Velocity 
of sound 

m/s 

84.10 

216.1 
84.45 

216.4 

85.19 

216.7 
85.91 

217.1 
86.61 

217.4 
87.29 

217.7 
87.95 

217.9 
88.59 

217.9 
89.22 

217.7 
89.82 

217,4 

90.40 

216.9 
90.97 

216.3 
91.51 

215.5 
92.04 

211.7 

92.56 

213.7 
93.05 

212.6 
93.53 

211.5 
93.99 

210.3 
94.44 
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Temper-
ature 

K 

:UO 

3.10 

3.15 
3.15 

3.20 
3.20 

3.25 
3.25 

3.30 
3.30 

3.35 
3.35 

3.40 
3.40 

3.45 
3.45 

3.ElO 

3.50 

3.55 
3.:i.'1 

3.60 
3.60 

3.65 
3.65 

3.70 

3.70 

3.75 
3.75 

3.80 
3.80 

3.85 
3.85 

3.90 

3.90 

3.95 
3.95 

4.00 
4.00 

4.05 
4.05 

Pressure 
I()5Pa 

0.27RO 
0.2780 

0.2984 
0.2984 

0.3197 
0.3197 

0.3421 
0.3421 

0.3655 
0.3655 

0.3899 
0.3899 

0.4155 
0.4155 

0.4421 
0.4421 

0.4699 
0.4699 

0.4988 
0.498R 

0.5289 
0.5289 

0.5602 
0.5602 

0.5927 

0.5927 

0.6264 
0.6264 

0.6614 
0.6614 

0.6977 
0.6977 

0.7354 

0.7354 

0.7743 
0.7743 

0.8147 
0.8147 

0.8564 
0.8654 

ROBERT D. McCARTY 

Thermodynamic properties of coexisting gaseous and liquid helium - Continued 

Density 
kg/m3 

14.0.2 

5.070 

139.8 
5.394 

139.3 
5.731 

138.8 
6.084 

138.3 
6.452 

137.7 
6.R~El 

137.2 
7.235 

136.6 
7.651 

1360 

8.085 

134.8 
9.008 

134.1 
9.498 

133.5 

10.01 

132.8 
10.54 

132.1 
11.09 

131.4 
11.67 

130.6 

12.28 

129.8 
12.90 

129.0 
13.56 

128.2 
14.24 

Isotherm 
derivative 

1()5m3 • Pa/kg 

0.337 

0.0453 

0.329 
0.0453 

0.320 
0.0452 

0.311 
0.0451 

0.~02 

0.0449 

0.293 
0.04.47 

0.284 
0.0445 

0.275 
0.0442 

0.258 
004.35 

0.249 
0.0431 

0.240 
0.0427 

0.231 

0.0422 

0.222 
0.0417 

0.213 
0.0411 

0.205 
0.0405 

0.196 

0.0398 

0.187 
0.0391 

0.179 
0.0384 

0.170 
0.0376 

Isochore 
derivative 
lO.';Pa/K 

~.!;3 

0.110 

3.56 
0.117 

3.60 
0.125 

3.63 
0.133 

,Ul6 

0.141 

3.68 
0.150 

3.71 
0.159 

3.73 
0.168 

3.74 

0.178 

3.76 
0.lR9 

3.77 
0.200 

3.78 
0.211 

3.79 

0.223 

3.79 
0.235 

3.79 ' 
0.248 

3.79 
0.262 

3.79 

0.276 

3.78 
0.291 

3.77 
0.306 

3.76 
0.323 

Internal 
energy Enthalpy 

kJ/kg kJ/kg 

-9.4.'~2 -9.234-

8.386 13.87 

-9.308 -9.094 
8.470 14.00 

-9.180 -8.951 
8.551 14.13 

-9.051 -8.804 
8.630 14.25 

-8.918 -R6:i4 

8.705 14.37 

- 8. 782 - 8.499 
8.77R 14.4R 

-8.644 -8.341 
8.847 14.59 

-8.503 -8.179 
8 .. 912 14.69 

-8358 -ROB 

8.974 14.79 

-8.210 -7.842 
9033 14..88 

-8.059 -7.667 
9.088 14.96 

-7.905 -7.487 
9.139 15.04 

"7.747 -7.303 

9.186 15.11 

-7.585 -7.113 
9.229 15.17 

-7.419 -6.919 
9.268 15.23 

-7.250 -6.719 
9.302 15.28 

7.076 6.513 

9.332 15.32 

-6.898 -6.302 
9.356 15.36 

-6.716 -6.084 
9.376 15.38 

- 6.529 - 5.860 
9.390 15.40 

Entropy 
kJ/kg' K 

2.57R 
10.05 

2.613 
9.97 

2.653 
9.884 

2.693 
9.805 

2.7:\4 

9.727 

2.775 
Q650 

2.817 
9.574 

2.858 
9.499 

2.QOO 

9.425 

2.943 
Q352 

2.985 
9.279 

3.029 
9.207 

3.072 

9.136 

3.116 
9.065 

3.161 
8.994 

3.206 
8.924 

3.251 
8.854 

3.298 
0.704 

3.345 
8.714 

3.392 
8.644 

C" I Cp 

kJ/kg' K 

L9fi 
3.27 

1.98 
3.27 

2.00 
3.28 

2.02 
3.28 

?.04 

3.28 

2.06 
32Q 

2.07 
3.29 

2.09 
3.29 

211 
3.30 

2.13 
.~30 

2.14 
3.30 

2.16 
3.31 

2.18 

3.31 

2.19 
3.31 

2.21 
3.32 

2.23 
3.32 

2.25 

3.33 

2.26 
3.33 

2.28 
3.33 

2.30 
3.34 

2.54. 
6.49 

2.60 
6.56 

2.67 
6.64 

2.73 
6.72 

2.80 

6.80 

2.87 
6.8Q 

2.95 
7.98 

3.02 
7.08 

3.10 

7.18 

3.19 
7'J9 

3.28 
7.40 

3.37 
7.52 

3.47 

7.66 

3.57 
7.79 

3.68 
7.94 

3.80 
8.10 

3.92 

8.27 

4.05 
8.45 

4.19 
8.65 

4.35 
8.87 

Velocity 
of sound 

m/s 

209.1 
94.87 

207.08 
95.28 

206.5 
95.68 

205.2 
96.06 

?O~.R 

96.42 

202.4 
%77 

201.0 
97.10 

199.5 
97.41 

lQftO 

97.71 

196.5 
QROO 

194.9 
98.27 

193.4 
98.52 

191.7 

98.75 

190.1 
98.97 

188.4 
99.17 

186.7 
99.36 

184.9 

99.5 

183.1 
99.7 

181.2 
99.8 

179.2 
99.9 



Temper-

~< 

ature 
K 

4.10 
4.10 

4.15 
4.15 

4.20 
4.20 

4.224 
4.224 

4.25 
4.25 

4.30 

4.30 

4.35 
4.35 

4.40 
4.40 

4.45 
4.45 

4.50 
4.50 

4.55 
4.55 

4.60 
4.60 

4.65 
4.65 

4.70 
4.70 

, 4.75 
4.75 

4.80 
4.80 

4.85 
4.85 

4.90 
4.90 

4.95 
4.95 

5.00 
5.00 

5.05 
5.05 

Pressure 
lO'iPa 

0.8995 
0.8995 

0.9441 
0.9441 

0.9902 
0.9902 

1.013 
1.013 

1.038 
1.038 

LOR7 

1.087 

1.138 
1.138 

1.190 
1.190 

1.244 
1.244 

1.299 
1.299 

1.357 
1.357 

1.416 
1.416 

1.476 
1.476 

1.539 
1.539 

1.603 
1.603 

1.670 
1.670 

1.738 
1.738 

1.808 
1.808 

1.880 
1.880 

1.954 
1.954 

2.031 
2.031 

THERMODYNAMIC PROPERTIES OF HELIUM 4 

Thermodynamic properties of coexisting gaseous and liquid helium-Continued 

Density 
kg/m:1 

127.3 
14.96 

126.4 
15.71 

125.4 
16.49 

125.0 
16.89 

124.5 
17.32 

123.5 

18.18 

122.4 
19.09 

121.3 
20.05 

120.2 
21.06 

118.9 
22.13 

117.7 
23.27 

116.3 
24.49 

114.9 
25.79 

113.4 
27.19 

111.8 
28.71 

110.1 
30.37 

108.2 
32.21 

106.1 
34.25 

103.7 
36.58 

101.1 
39.30 

97.96 
42.58 

Isotherm 
derivative 

10l>m3 • Pa/kg 

0.162 
0.0367 

0.153 
0.0358 

0.145 
0.0349 

0.141 
0.0344 

0.136 . 
0.0338 

0.128 

0.0328 

0.120 
0.0316 

0.112 
0.0304 

0.104 
0.0291 

0.0957 
0.0278 

0.0878 
0.0264 

0.0800 
0.0248 

0.0723 
0.0233 

0.0647 
0.0216 

0.0572 
0.0198 

0.0499 
0.0179 

0.0427 
0.0160 

0.0357 
0.0139 

0.0289 
0.0117 

0.0224 
0.00937 

0.0162 
0.00697 

Isochore 
derivative 
l(}"'Pa/K 

3.74· 

0.340 

3.72 
0.358 

3.70 
0.377 

3.69 
0.386 

3.67 
0.397 

3.64 

0.418 

3.-61 
0.440 

3.58 
0.463 

3.54 
0.488 

3.49 
0.514 

3.45 
0.543 

3.40 
0.573 

3.34 
0.605 

3.28 
0.641 

3.22 
0.679 

3.15 
0.721 

3.07 
0.768 

2.99 
0.820 

2.90 
0.880 

2.80· 
. 0.950 

2.68 
1.04 

Internal 
energy Enthalpy 
kJ/kg kJJkg 

- 6.336 - 5.630 
9.399 15.41 

-6.139 -5.392 
9.401 15.41 

-5.936 -5.146 
9.397 15.40 

-5.834 -5.023 
9.393 15.39 

- 5.726 - 4.893 
9.387 15.38 

- 5.511 - 4.631 
9.368 15.35 

-5.289 -4.360 
9.342 15.30 

-5.059 -4.078 
9.307 15.24 

-4.822 -3.787 
9.262 15.17 

-4.576 -3.484 
9.207 15.08 

- 4.320 - 3.168 
9.140 14.97 

- 4.055 - 2.838 
9.060 14.84 

-3.777 -2.492 
8.965 14.69 

-3.4M -2.129 
8.853 14.51 

-3.180 -1.746 
8.722 14.31 

- 2.856 - 1.339 
8.566 14.06 

-2.510 -0.9042 
8.382 13.78 

-2.138 -0.4.~45 

8.163 13.44 

-1.733 0.07862 
7.897 13.04 

~ 1.283 0.6496 
7.570 12.54 .. 

-0.7706 1.302 
7.152 11.92 

Entropy 
kJ/kg ·K 

3.440 
8.574 

3.490 
8.503 

3.540 
8.432 

3.564 
8.397 

3.591 
8.361 

3.643 

8.288 

3.696 
8.215 

3.750 
8.140 

3.806 
8.064 

3.863 
7.986 

3.923 
7.907 

3.984 
7.825 

4.047 
7.740 

4.113 
7.651 

4.182 
7.558 

4.255 
7.461 

4.332 
7.356 

4.415 
7.244 

4.505 
7.120 

4.605 
6.982 

4.720 
6.821 

Cv I Cp 

kJ/kg ·K 

2.32 
3.34 

2.34 
3.34 

2.36 
3.35 

2.37 
3.35 

2.38 
3.35 

2.40 

3.35 

2.42 
3.36 

2.44 
3.36 

2.47 
3.36 

2.49 
3.37 

2.51 
3.37 

2.54 
3.37 

2.57 
3.38 

2_!l9 

3.38 

2.62 
3.38 

2.66 
3.38 

2.69 
3.39 

2.73 
3.39 

2.76 
3.39 

2.81 
3.39 

2.86 
3.38 

4.51 
9.10 

4.69 
9.35 

4.88 
9.63 

4.98 
9.78 

5.09 
9.94 

5.32 

10.3 

5.58 
10.7 

5.86 
11.1 

6.18 
11.6 

6.55 
12.1 

6.96 
12.8 

7.44 
13.5 

8.01 
14.4 

9.51 
16.8 

10.5 
18.5 

11.9 
20.7 

13.6 
23.6 

16.1 
27.9 

19.9 
34.6 

26.1 
46.2 

961 

Velocity 
of sound 

mls 

177.2 
100.0 

175.2 
100.1 

173.0 
100.1 

172.0 
100.2 

170.8 
100.2 

168.6 

100.2 

166.2 
100.2 

163.8 
100.1 

161.3 
100.1 

158.6 
100.0 

155.9 
99.9 

153.1 
99.7 

150.2 
99.6 

144.0 
99.16 

140.7 
98.91 

137.3 
98.65 

133.7 

98.37 

129.9 
98.09 

126.0 
97.83 

121.8 
97.64 
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Thermodynamic properties of coexisting gaseous and liquid helium-Continued 

Temper-
ature 

K 

5.10 

5.10 

*5.201 
*5.201 

Pressure 
1()5 Pa 

2.109 

2.109 

2.275 
2.275 

Density 
kg/m3 

91.09 

46.80 

69.54 
69.64 

*Lambda point and critical point. 

Isotherm 
derivative 

lO!;m:l· Pa/kg 

0.0101. 

0.00450 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 

lsochore 
derivative 
l()5Pa/K: 

2.51· 

1.15 

Internal 
energy 

kJ/kg 

-0.1592 

6.589 

Enthalpy 

kJ/kg 

2.093 

H.I0 

Entropy 
k.J/kg . K 

1·.959 
6.624 

C" I Cp 

kJ/kg 'K: 

2.92 

3.37 
39.5 

71.5 

Velocity 
of sound 

mls 

117.3 

97.61 



Temper-
ature 

K 

2.177 
2.489 
2.489 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 

21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 

32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 

Density 
kg/rna 

146.3 
144.8 

2.106 
2.095 
1.692 
1.427 
1.236 
1.092 
0.9783 
0;9584 

0.9393 
0.9210 
0.9034 
0.8865 
0.8702 
0.8545 
0.8394 
0.8248 
0.8107 
0.7470 

0.6927 
0.6458 
0.6048 
0.5688 
0.5369 
0.5084 
0.4828 
0.4386 
0.40.18 
0.3708 

0.3442 
0.3212 
0.3011 
0.2833 
0.2675 
0.2534 
0.2407 

0.2293 
0.2188 
0.2093 

0.2006 
0.1925 
0.1851 
0.1719 
0.1604 

0.1504 
0.1416 
0.1337 
0.1267 
0.1203 

0.1070 
0.09626 
0.08751 
0.08022 
0.07405 
0.06876 
0.06418 
0.06017 

THERMODYNAMIC PROPERTIES OF HELIUM 4 

Appendix E 
Isobaric Tables of the Thermodynamic Properties of Helium-4 

Thermodynamic properties of helium 4 

Isotherm Isochore Internal 
Enthalpy Entropy C I , 

derivative derivative energy I C" 

105 m3·Pa/kg 105Pa/K kJ/kg 
kJ/kg kJ/kg ·K kj/kg·K· 

0.432 
0.0432 
0.0435 
0.0559 
0.0675 
0.0787 
0.0897 
0.101 
0.103 

0.105 
0.107 
0.109 
0.111 
0.114 
0.116 
0.118 
0.120 
0.122 
0.133 

0.143 
0.154 
0.164 
0.175 
0.186 
0.196 
0.207 
0.228 
0.248 
0.269 

0.290 
0.311 
0.332 
0.353 
0.374 
0.395 
0.415 

0.436 
0.457 
0.478 

0.499 
0.519 
0.540 
0.582 
U.6:l3 

0.665 
0.707 
0.748 
0.790 
0.831 

0.935 
1.04 
1.14 
1.25 
1.35 
1.45 
1.56 
1.66 . 

2.65 
0.0449 
0.0446 
0.0356 
0.0299 
0.0258 
0.0228 
0.0204 
0.0200 

0.0196 
0.0192 
0.0188 
0.0185 
0.0181 
0.0178 
0.0175 
0.0172 
0.0169 
0.0156 

0.0144 
0.0135 
0.0126 
0.0118 
0.Oll2 
0.0106 
0.0101 
0.00913 
0.00836 
0.00772 

0.00716 
0.00668 
0.00626 
0.00589 
0.00556 
0.00527 
0.00501 

0.00477 
0.00455 
0.00435 

0.00417 
0.00400 
0.00385 
0.00357 
0.00334 

0.00313 
0.00294 
0.00278 
0.00263 
0.00250 

0.00222 
0.00200 
0.00182 
0.00167 
0.00154 
0.00143 
0.00133 
0.00125 

0.1 X 10+5 pascal Isobar 

-10.77 
7.153 
7.190 
8.885 

10.52 
12.13 
13.72 
15.31 
15.62 

15.94 
16.25 
16.57 
16.88 
17.20 
17.51 
17.83 
18.14 
18.46 
20.03 

21.60 
23.17 
24.73 
26.30 
27.86 
29.43 
30.99 
34.11 
37.24 
40.36 

43.48 
46.60 
49.72 
52.84 
55.96 
59.08. 
62.20 

65.32 
68.44 
71.56 

74.67 
77.79 
80.91 
87.14 
93.38 
99.6 

105.8 
ll2.1 
118.3 
124.5 

140.1 
155.7 
171.3 
186.9 
202.5 
218.0 
233.6 
249.2 

-10.70 
11.90 
11.96 
14.79 
17.53 
20.22 
22.88 
25.53 
26.00 

26.58 
27.11 
27.64 
28.16 
28.69 
29.22 
29.74 
30.27 
30.79 
33.42 

36.04 
38.65 
41.27 
43.88 
46.49 
49.10 
51.70 
56.92 
62.12 
67.33 

72.54 
77.74 
82.94 
88.14 
93.34 
98.54 

103.7 

108.9 
114.1 
119.3 

124.5 
129.7 
134.9 
145.3 
155.7 
166.1 
176.5 
186.9 
197.3 
207.7 

233.6 
259.6 
285.6 
311.5 
337.5 
363.5 
389.4 
415.4 

2.088 
11.22 
11.25 
12.28 
13.12 
13.84 
14.47 
15.03 
15.13 

15.23 
15.33 
15.43 
15.53 
15.62 
15.72 
15.81 
15.90 
15.99 
16.41 

16.80 
17.16 
17.49 
17.81 
18.11 
18.39 
18.66 
19.16 
19.61 
20.03 

20.41 
20.77 
21.11 
21.42 
21.72 
22.00 
22.27 

22.52 
22.76 
22.99 

23.21 
23.43 
23.63 
24.01 
24.37 
24.71 
25.02 
25.32 
25.60 
25.87 

26.48 
27.03 
27.52 
27.97 
28.39 
28.77 
29.13 
29.47 

1.940 
3.223 
3.221 
3.163 
3.138 
3.126 
3.120 
3.118 
3.111 

3.117 
3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.115 
3.115 

3.115 
3.115 
3.115 
3.115 
3.115 
3.115 
3.115 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

.3.116 
3.116 
3.116 

3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

2.133 
5.837 
5.828 
5.543 
5.415 
5.347 
5.307 
5.281 
5.211 

5.274 
5.270 
5.267 
5.264 
5.261 
5.259 
5.256 
5.254 
5.252 
5.242 

5.235 
5.230 
5.225 
5.222 
5.219 
5.216 
5.214 
5.210 
5.208 
5.206 

5.204 
5.203 
5.202 
5.201 
5.200 
5.199 
5.199 

5.198 
5.198 
5.197 

5.197 
5.197 
5.196 
5.196 
5.196 
5.195 
5.195 
5.195 
5.195 
5.194 

5.194 
5.194 
5.194 
5.194 
5.194 
5.193 
5.193 
5.193 

963 

Velocity 
of sound 

m/s 

217.8 
88.46 
88.70 
98.94 

107.9 
116.0 
123.5 
130.5 
131.9 

133.2 
134.5 
135.9 
137.1 
138.4 
139.7 
141.0 
142.2 
143.4 
149.4 

155.2 
160.7 
166.1 
171.3 
176.3 
181.2 
185.9 
195.0 
203.8 
212.1 

220.2 
227.9 
235.4 
242.6 
249.7 
256.5 
263.2 

269.7 
276.1 
282.3 

288.3 
294.3 
300.1 
311.4 
322.4 
332.9 
343.2 
353.1 
362.8 
372.2 

394.8 
416.1 
436.4 
455.8 
474.4 
492.4 
509.6 
526.3 
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Temper-
atuJ'e 

K 

90.0 
100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 

800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.176 
2.5 
2.881 
2.881 
3.0 
3.5 
4.0 
4.::' 

5.0 
5.1 

5.2 

5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 

Density 
kg/rna 

0.05348 
0.04813 

0.03851 
0.03209 
0.02751 
0.02407 
0.02139 
0.01926 
0.01750 
0.01605 
0.01375 
0.01203 

0.01070 
0.009628 
0.008023 
0.006877 

0.006018 
0.005349 
0.004814 
0.004376 
0.004012 
0.003703 

0.003439 
0.003209 

146.6 
145.0 
142.1 

3.809 
3.607 
2.973 
2.545 
2.:t!31 

1.989 
1.947 

1.907 

1.869 
l.832 
1.796 
1. 762 
1. 730 
1.698 
1.668 
1.639 
1.507 

1.395 
1.299 
1.216 
1.143 
1.078 
1.020 
0.9683 
0.8791 
0.8050 
0.7425 

0.6891 
0.6428 

Isotherm 
derivative 

105m3·Pa/kg 

1.87 
2.08 

2.60 
3.12 
3.64 
4.16 
4.67 
5.19 
5.71 
6.23 
7.27 
8.31 

9.35 
10.4 
12.5 
14.5 

16.6 
18.7 
20.8 
22.8 
24.9 
27.0 

29.1 
31.2 

0.436 
0.374 
0.0452 
0.0486 
0.0619 
0.0741 
u.m:s.':>Y 
0.0973 
0.100 

0.102 

0.104 
0.106 
0.108 
0.111 
0.ll3 
0.115 
0.117 
0.119 
0.130 

0.141 
0.152 
0.163 
0.173 
0.184 
0.195 
0.205 
0.227 
0.248 
0.269 

0.290 
0.311 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.00111 
0.00100 

0.000800 
0.000667 
0.000571 
0.000500 
0.000444 
0.000400 
0.000364 
0.000333 
0.000286 
0.000250 

0.000222 
0.000200 
0.000167 
0.000143 

0.000125 
0.000111 
0.000100 
0.0000909 
0.0000833 
0.0000769 

0.0000714 
0.0000667 

2.68 
3.32 
0.0820 
0.0773 
0.0630 
0.0536 
U.U4tl1:l 

0.0417 
0.0408 

0.0100 

0.0391 
0.0384 
0.0376 
0.0369 
0.0362 
0.0355 
0.0349 
0.0343 
0.0315 

0.0292 
0.0271 
0.0254 
0.0239 
0.0225 
0.0213 
0.0202 
0.0183 
0.0168 
0.0155 

0.0144 
0.0134 

Internal 
energy 
kJ/kg 

280.4 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1090.0 
1246.0 

1402.0 
1558.0 
1869.0 
2181.0 

2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

467.3 
519.3 

649.1 
778.9 
908.8 

1039.0 
1168.0 
1298.0 
1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
2596.0 
3116.0 
3635.0 

4154.0 
4674.0 
5193.0 
5712.0 
6232.0 
6751.0 

7270.0 
7790.0 

0.2 X 10+5 pascal Isobar 

-10.76 
-9.947 

7.985 
B.420 

10.17 
11.84 
13.4tS 

15.09 
15.41 

15.73 

16.05 
16.37 
16.69 
17.01 
17.33 
17.65 
17.96 
18.28 
19.87 

21.45 
23.03 
24.60 
26.17 
27.75 
29.32 
30.88 
34.02 
37.15 
40.28 

43.41 
46.53 

-10.62 
-9:806 
13.24 
13.97 
16.89 
19.70 
2:t!.44 

25.14 
25.68 

26.22 
26.75 
27.29 
27.82 
28.36 
28.89 
29.42 
29.95 
30.49 
33.14 

35.78 
38.42 
41.U:' 

43.68 
46.30 
48.92 
51.54 
56.77 
62.00 
67.22 

72.43 
77.65 

Entropy 
kJ/kg ·K 

30.08 
30.63 

31.79 
32.73 
33.53 
34.23 
34.84 
35.38 
35.88 
36.33 
37.13 
37.83 

38.44 
38.98 
39.93 
40.73 

41.43 
42.04 
42.58 
43.08 
43.53 
43.95 

44.33 
44.69 

2.092 
2.400 

10.43 
10.67 
11.58 
12.33 
l:t!.'Jl 

13.54 
13.65 

13.75 

13.86 . 
13.96 
14.05 
14.15 
14.24 
14.34 
14.43 
14.52 
14.94 

15.33 
15.70 
16.04 

16.36 
16.66 
16.94 
17.21 
17.71 
18.16 
18.58 

18.97 
19.33 

Cv I Cp 

kJ/kg·K 

3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

·3.116 

3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.921 
1.876 
3.254 
3.229 
3.168 
3.140 
3.1:'::-' 

3.120 
3.119' 

3.119 

3.11B 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 
3.115 
3.115 

3.114 
3.114 
3.114 

3.115 
3.115 
3.115 
3.115 
3.115 
3.ll6 
3.116 

3.i16 
3.116 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

2.116 
2.296 
6.215 
6.067 
5.704 
5.533 
5.438 

5.379 
5.371 

5.362 

5.355 
5.347 
5.341 
5.335 
5.329 
5.324 
5.319 
5.314 
5:294 

5.279 
5.268 
5.:'::::'1:1 

5.251 
5.245 
5.239 
5.235 
5.228 
5.223 
5.218 

5.215 
5.212 

Velocity 
of sound 

m/s 

558.3 
588.4 

657.9 
720.6 
778.4 
832.1 
882.6 
930.3 
975.7 

1019.0 
1101.0 
1177.0 

1248.0 
1316.0 
1441.0 
1'::;57.0 

1664.0 
1765.0 
1861.0 
1951.0 
2038.0 
2121.0 

2201.0 
2279.0 

219.2 
214.1 

92.87 
95.53 

105.5 
114.3 
122.2 

129.5 
130.9 

132.3 

133.6 
135.0 
136.3 
137.6 
138.9 
140.2 
141.5 
142.7 
148.9 

154.7 
160.4 
16!>.1:I 

171.0 
176.1 
181.0 
185.8 
195.0 
203.7 
212.1 

220.2 
227.9 
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Temper-
ature 

K 

4.0 
4.5 
5.0 
5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
Ig.O 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 

22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 

80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 

Density 
kg/m3 

3.939 
3.424 
3.036 
2.969 

2.906 
2.845 
2.787 
2.731 
2.678 
2.627 
2.578 
2.530 
2.485 
2.281 

2.109 
1.961 
1.833 
1.722 
1.623 
1.535 
1.457 
1.321 
1.209 
1.115 

1.035 
0.9650 
0.9042 
0.8506 
0.8031 
0.7606 
0.7224 
0.6879 

0.6565 
0.6279 

0.6017 
0.5775 
0.5553 
0.5156 
0.4812 
0.4511 
0.4245 
0.4009 
0.3798 
0.3608 

0.3207 
0.2887 
0.2624 

0.2406 
0.2221 
0.2062 
0.1925 

0.1804 
0.1604 
0.1444 

0.1155 
0.09625 
0.08251 
0.07220 
0.06418 
0.05776 

Isotherm 
derivative 

1O:im3·Pa/kg 

0.0693 
0.0819 
0.0939 
0.0962 

0.0985 
0.101 
0.103 
0.105 
0.108 
0.110 
0.112 
0.115 
0.117 
0.128 

0.139 
0.150 
0.161 
0.172 
0.183 
0.194 
0.204 
0.226 
0.247 
0.268 

0.289 
0.310 
0.331 
0.352 
0.373 
0.394 
0.415 
0.436 

0.457 
0.478 

0.499 
0.520 
0.540 
0.582 
0.624 
0.666 
0.707 
0.749 
0.790 
0.832 

0.936 
1.04 
1.14 

1.25 
1.35 
1.46 
1.56 

1.66 
1.87 
2.08 

2.60 
3.12 
3.64 
4.16 
4.68 
5.19 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.0836 
0.0723 
0.0640 
0.0625 

0.0612 
0.0599 
0.0586 
0.0574 
0.0563 
0.0552 
0.0542 
0.0532 
0.0522 
0.0479 

0.0442 
0.0411 
0.0384 
0.0360 
0.0340 
0.0321 
0.0305 
0.0276 
0.0253 
0.0233 

0.0216 
0.0201 
0.0189 
0.0177 
0.0167 
0.0159 
0.0151 
0.0143 

0.0137 
0.0131 

0.0125 
0.0120 
0.0116 
0.0107 
0.0100 
0.00939 
0.00883 
0.00834 
0.00790 
0.00751 

0.00667 
0.00600 
0.00546 

0.00500 
0.00462 
0.00429 
0.00400 

0.00375 
0.00333 
0.00300 

0.00240 
0.00200 
0.00171 
0.00150 
0.00133 
0.00120 

Internal 
energy 
kJ/kg 

11.53 
13.22 
14.86 
15.19 

15.52 
15.84 
16.17 
16.49 
16.81 
17.14 
17.46 
17.78 
18.10 
19.70 

21.30 
22.88 
24.47 
26.05 
27.63 
29.20 
30.78 
33.92 
37.06 
40.20 

43.33 
46.46 
49.59 
52.72 
55.85 
58.97 
62.10 
65.22 

68.35 
71.47 

74.59 
77.71 
80.83 
87.07 
93.31 
99.6 

105.8 
112.0 
118.3 
124.5 

140.1 
155.7 
171.3 

186.8 
202.4 
218.0 
233.6 

249.2 
280.3 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 

Enthalpy 
kJ/kg 

19.15 
21.98 
24:75 
25.29 

25.84 
26.39 
26.93 
27.47 
28.02 
28.56 
29.10 
29.64 
30.17 
32.86 

35.52 
38.18 
40.83 
43.47 
46.11 
48.75 
51.37 
56.62 
61.87 
67.10 

72.33 
77.55 
82.77 
87.99 
93.20 
98.42 

103.6 
108.8 

114.0 
119.2 

124.5 
129.7 
134.9 
145.3 
155.7 
166.1 
176.5 
186.9 
197.3 
207.6 

233.6 
259.6 
285.6 

311.6 
337.5 
363.5 
3SQ5 

415.4 
467.4 
519.3 

649.2 
779.0 
908.8 

1039.0 
1168.0 

1298.0 

Entropy 
kJ/kg ·K 

11.40 
12.07 
12.66 
12.76 

12.87 
12.97 
13.08 
13.18 
13.27 
13.37 
13.46 
13.55 
13.65 
14.07 

14.47 
14.84 
15.18 
15.50 
15.80 
16.09 
16.36 
16.86 
17.31 
17.73 

18.12 
18.48 
18.82 
19.13 
19.43 
19.71 
19.98 
20.23 

20.48 
20.71 

20.93 
21.14 
21.34 
21.73 
22.09 
22.42 
22.74 
23.04 
23.32 
23.58 

24.20 
24.74 
25.24 

25.69 
26.11 
26.49 
1.1\1=1;' 

27.19 
27.80 
28.34 

29.50 
30.45 
31.25 
31.94 
3Z.5b 

33.10 

CI> I Cp 

kJ/kg ·K 

3.158 
3.135 
3.124 
3.123 

3.121 
3.120 
3.119 
3.118 
3.118 
3.117 
3.117 
3.116 
3.116 
3.114 

3.114 
3.114 
3.114 
3.114 
3.114 
3.115 
3.115 
3.115 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
::"-111\ 

3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

5.759 
5.588 
5.488 
5.473 

5.459 
5.447 
5.435 
5.424 
5.414 
5.405 
5.396 
5.388 
5.380 
5.349 

5.325 
5.307 
5.292 
5.281 
5.271 
5.263 
5.256 
5.246 
5.237 
5.231 

5.226 
5.222 
5.219 
5.216 
5.213 
5.211 
5.210 
5.208 

5.207 
5.206 

5.204 
5.204 
5.203 
5.201 
5.200 
5.199 
5.199 
5.198 
5.198 
5.197 

5.196 
5.196 
S.195 

5.195 
5.194 
5.194 
5.1Q4. 

5.194 
5.194 
5.194 

5.193 
5.193 
5.193 
5.193 
5.1~3 

5.193 

Velocity 
of sound 

m/s 

112.4 
120.8 
128.4 
129.8 

131.3 
132.7 
134.1 
135.4 
136.8 
138.1 
139.5 
140.8 
142.1 
148.3 

154.3 
160.0 
165.5 
170.7 
175.9 
180.8 
185.6 
194.9 
203.7 
212.1 

220.2 
228.0 
235.5 
242.8 
249.8 
256.7 
263.4 
269.9 

276.3 
282.5 

288.6 
294.5 
300.3 
311.7 
322.6 
333.2 
343.4 
353.4 
363.0 
372.5 

395.0 
416.4 
436.7 

456.1 
474.7 
492.6 
;'OQJ~ 

526.5 
558.4 
588.6 

658.0 
720.8 
778.5 
832.2 
HHZ.7 

930.4 



Temper. 
ature 

K 

275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800;0 
900.0 

1000.0 
llOO.O 
1200.0 
1300.0 

1400.0 
1500.0 

2.174 

2.5 
3.0 
3.370 
3.370 
3.5 
4.0 
4.5 
5.0 
5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

Density 
kg/m3 

0.05251 
0.04813 
0.04126 
0.03610 

0.03209 
0.02888 
0.02407 
0.02063 
0.01805 
0.01605 
0.01444 
0.01313 
0.01203 
O.Ollll 

0.01032 
0.009628 

147.0 

145.5 
141.6 
137.5 

6.993 
6.581 
5.437 
4.677 
4.122 
4.027 

3.938 
3.852 
3.771 
3.693 
3.619 
3.547 
3.479 
3.413 
3.350 
3.069 

2.832 
2.631 
2.457 
2.306 
2.172 
2.054 
1.948 
1.766 
1.615 
1.489 

1.381 
1.288 
1.206 
1.135 
1.071 
1.014 
0.9633 
0.9172 
0.8754 
0.8372 

Isotherm 
derivative 

105 m3 • Pa/kg 

5.71 
6.23 
7.27 
8.31 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.448 
0.364 
0.290 
0.0446 
0.0491 
0.0642 
0.0777 
0.0904 
0.0928 

0.0953 
0.0977 
0.100 
0.102 
0.105 
0.107 
0.110 
0.112 
0.114 
0.126 

0.137 
0.148 
0.159 
0.170 
0.181 
0.192 
0.203 
0.225 
0.246 
0.267 

0.289 
0.310 
0.331 
0.352 
0.373 
0.394 

.0.415 
0.436 
0.457 
0.478 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.00109 
0.00100 
0.000857 
0.000750 

0.000667 
0.000600 
0.000500 
0.000429 
0.000375 
0.000333 
0.000300 
0.000273 
0.000250 
0.000231 

0.000214 
0.000200 

2.68 
3.45 
3.69 
0.153' 
0.143 
0.117 
0.0995 
0.0873 
0.0852 

0.0833 
0.0814 
0.0797 
0.0780 
0.0764 
0.0749 
0.0734 
0.0720 
0.0706 
0.0646 

0.0596 
0.0553 
0.0516 
0.0484 
0.0456 
0.0431 
0.0408 
0.0370 
0.0338 
0.03II 

0.0289 
0.0269 
0.0252 
0.0237 
0.0224 
0.0212 
0.0201 
0.0191 
0.0183 
0.0175 

Internal 
energy 
kJ/kg 

856.8 
934.7 

1090.0 
1246.0 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
2597.0 
3116.0 
3635.0 
4154.0 
4674.0 
5193.0 
5712.0 
6232.0 
6751.0 

7270.0 
7790.0 

0.4 X 10+5 pascal Isobar 

-10.78 
-9.702 
-8.727 

8.806 
9.328 

11.20 
12.94 
14.63 
14.96 

15.30 
15.63 
15.96 
16.29 
16.61 
16.94 
17.27 
17.59 
17.92 
19.53 

21.14 
22.74 
24.33 
2:l.Q2 

27.51 
29.09 
30.67 
33.83 
36.97 
40.12 

43.26 
46.39 
49.53 
52.66 
55.79 
58.92 
62.05 
65.17 
68.30 
71.42 

-10.51 
-9.420 
-8.437 
14.53 
15.41 
18.55 
21.50 
24.34 
24.90 

25.45 
26.01 
26.56 
27.12 
27.67 
28.22 
28.76 
29.31 
29.86 
32.57 

35.26 
37.94 
40.61 
43.27 

45.92 
48.57 
51.21 
56.48 
61.74 
66.98 

72.22 
77.46 
82.69 
81.91 
93.13 
98.35 

103.6 
108.8 
114.0 
119.2 

Entropy 
kJ/kg ·K 

33.60 
34.05· 
34.85 
35.54 

36.16 
36.70 
37.65 
38.45 
39.14 
39.75 
40.30 
40.80 
41.25 
41;66 

42.05 
42.41 

2.084 
2.483 
2.792 
9.620 
9.876 

10.72 
11.41 
12.01 
12.12 

12.23 
12.33 
12.44 
12.54 
12.64 
12.74 
12.83 
12.92 
13.02 
13.45 

13.85 
14.22 
14.56 
VUl9 

15.19 
15.48 
15.75 
16.25 
16.71 
17.13 

17.52 
17.88 
18.21 
18.53 
18.83 
19.11 
19.38 
19.63_ 
19.88 
20.11 

C" I C" 

kJ/kg ·K 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.ll6 

3.116 
3.116 

1.909 
1.918 
2.064 
3.288 
3.255 
3.180 
3.146 
3.129 
3.127 

3.125 
3.123 
3.122 
3.121 
3.119 
3.118 
3.118 
3.117 
3.116 
3.114 

3.113 
3.113 
3.113 
3.113 

3.114 
3.114 
3.114 
3.11S 
3.116 
3.116 

3.116 
3.II6 
3.117 
3.117 
3.117 
3.ll7 
3.117 
3.117 
3.117 
3.117 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

2.098 
2.408 
2.903 
6.922 
6.639 
6.040 
5.763 
5.610 
5.587 

5.567 
5.548 
5.530 
5.514 
5.500 
5.486 
5.473 
5.462 
5.451 
5.406 

5.372 
5.347 
5.327 
5.311 

5.298 
5.287 
5.278 
5.263 
5.252 
5.244 

5.237 
5.232 
5.227 
5.223 
5.220 
5.217 
5.215 
5.213 
5.211 
5.210 

Velocity 
of sound 

mls 

975.8 
1019.0 
1l01.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 
1951.0 
2038.0 
2121.0 

2201.0 
2279.0 

221.8 
213.9 
201.8 
96.90 

100.0 
110.5 
119.3 
127.3 
128.8 

130.3 
131.7 
133.2 
134.6 
136.0 
137.3 
138.7 
140.0 
141.3 
147.7 

153.8 
159.6 
165.1 
170.5 

175.6 
180.6 
185.5 
]Q4.R . 

203.6 
212.1 

220.2 
228.0 
235.5 
242.8 
249.9 
256.8 
263.5 
270.0 
276.4 
282.6 
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Temper. 
ature 

K 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
22:;.0 

250.0 
275.0 
300.0 
350.0 

400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

",' 2.173 
2.5 
3.0 
3.5 
3.552 
3.552 
4.0 

4.5 
5.0 
5.1 

5.2 
5.3 
&.4 

5.5 

Density 
kg/rna 

0.8022 
0.7700 
0.7403 
0.6873 
0.6414 
0.6013 
0.5659 
0.5344 
0.5063 
0.4810 

0.4275 
0.3848 
0.3498 
0.3207 
0.2960 
0.2749 
0.2566 
0.2405 
0.2138 
0.1925 

0.1540 
0.1283 
0.1100 
0.09625 
0.08556 

0.07701 
0.07001 
0.06418 
0.05501 

0.04813 

0.04279 
0.03851 
0.03209 
0.02751 
0.02407 
0.02139 
0.01926 
0.01751 
0.01605 
0.01481 

0.01375 
0.01284 

147.2 
145.7 
141.9 
136.1 
135.4 

8.556 
7.062 
5.999 
5.250 
5.125 

5.006 
4.893 
4.786 

4.684 

Isotherm 
derivative 

105 rna. Pa/kg 

0.499 
0.520, 
0.541 
0.582 
0.624 
0.666 
0.707 
0.749 
0.791 
0.832 

0.936 
1.04 
1.14 
1.25 
1.35 
1.46 
1.56 
1.66 
1.87 
2.08 

2.60 
3.12 
3.64 
4.16 ' 
4.68 

5.20 
5.71 
6.23 
7.27 

8.31 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.454 
0.370 
0.268 
0.257 
U.U435 
0.0588 
0.0735 
0.0868 
0.0894 

0.0919 
0.0945 
0.0970 

0.0994 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lOs Pa/K 

0.0167 
0.0160 
0.0154 
0.0143 
0.0134 
0.0125 
0.OIl8 
0.0111 
0.0105 
0.0100 

0.00890 
0.00801 
0.00728 
0.00667 
0.00616 
0.00572 
0.00533 
0.00500 
0.00444 
0.00400 

0.00320 
0.00267 
0.00229 
0.00200 
0.00178 

0.00160 
0.00145 
0.00133 
0.00114 

0.00100 

0.000889 
0.000800 
0.000667 
0.000571 
0.000500 
0.000444 
0.000400 
0.000364 
0.000333 
0.000308 

0.000286 
0.000267 

2.68 
3.46 
3.75 
3.76 
U.189 
0.153 
0.129 
0.112 
0.109 

0.106 
0.104 
0.102 

0.0994 

Internal 
energy 

kJ/kg 

74.55 
77.67 
80.79 
87.04 
93.28 
99.5 

105.8 
112.0 
118.2 
124.5 

140.1 
155.7 
171.3 
186.8 
202.4 
218.0 
233.6 
249.2 
280.3 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 

778.9 
856.8 
934.7 

1090.0 

1246.0 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 

kJ/kg 

124.4 
129.6 
134.8 
145.2 
155.6 
166.0 
176.4 
186.8 
197.2 
207.6 

233.6 
259.6 
285.6 
311.6 
337.5 
363.5 
389.5 
415.5 
467.4 
519.3 

649.2 
779.0 
908.8 

1039.0 
1169.0 

1298.0 
1428.0 
1558.0 
1818.0 

2077.0 

2337.0 
2597.0 
3116.0 
3635.0 
4154.0 
4674.0 
5193.0 
5712.0 
6232.0 
6751.0 

7270.0 
7790.0 

0.5 X lors pascal Isobar 

-10.79 
-9.720 
-8.367 
-8.204 

9.035 
10.83 
12.66 
14.39 
14.73 

15.07 
15.41 
15.74 

16.08 

-10.45 
-9.368 
-8.000 
-7.835 
14.88 
17.91 
20'.99 
23.91 
24.49 

25.06 
25.62 
26.19 

26.75 

Entropy 
Cl , I Cp 

kJ/kg ·K kJ/kg ·K 

20.33 
20:54 
20.75 
21.13 
21.49 
21.83 
22.14 
22.44 
22.72 
22.99 

23.60 
24.15 
24.64 
25.09 
25.51 
25.89 
26.25 
26.59 
27.20 
27.75 

28.91 
29.85 
30.65 
31.35 
31.90 

32.51 
33.00 
33.45 
54.25 

34.95 

35.56 
36.10 
37.05 
37.85 
38.55 
39.16 
39.70 
40.20 
40.65 
41.07 

41.45 
41.81 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.Il6 
3.Il6 

3.116 
3.116 
3.Il6 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

2.079 1.903 
2.477 1.917 
2.898 2.109 
2.944 2.127 
9.349 3.301 

10.15 3.206 
10.88 3.158 
11.50 3.135 
11.61 3.132 

11. 72 _ 3.129 
11.83 3.127 
11.93 3.125 

12.04 3.123 

5.208 
!l.,207 
5.206 
5.204 
5.203 
5.202 
5.201 
5.200 
5.199 
5.198 

5.197 
5.196 
5.196 
5.195 
5.195 
5.195 
5.194 
5.194 
5.194 
5.194 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
."i.lQ3 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 ' 

2.089 
2.399 
3.098 
3.192 
7.292 
6.396 
5.968 
5.746 
5.714 

5.685 
5.659 
5.635 

5.613 

Velocity 
of sound 

m/s 

288.7 
2Q4.h 

300.5 
311.8 
322.7 
333.3 
343.6 
353.5 
363.2 
372.6 

395.2 
416.5 
436.8 
456.2 
474.8 
492.7 
509.9 
526.6 
558.5 
588.7 

658.1 
720.9 
778.6 
832.3 
882.7 

930.5 
975.9 

1019.0 
1101.0 

1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
171i!l.O 

1861.0 
1951.0 
2038.0 
2121.0 

2201.0 
2279;0 

223.1 
215.3 
198.5 
196.4 
98.01 

108.3 
117.8 
126.1 
127.7 

129.2 
130.7 
132.2 

133.7 



Temper-
ature 

K 

5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 

18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 

60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 

150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 

Density 
kg/rn3 

4.586 
4.493 
4.403 
4.318 
4.236 
3.871 

3.567 
3.310 
3.088 
2.895 
2.726 
2.576 
2.441 
2.212 
2.022 
1.863 

1.728 
1.611 
1.509 
L410 

1.339 
1.268 
1.204 
1.147 
1.094 
1.046 

1.003 
0.9624 
0.9253 
0.8590 
0.8016 
0.7515 
0.7072 
0.6679 
0.6327 
0.6011 

0.5343 
0.4809 
0.4372 

0.4008 
0.3699 
0.3435 
0.3207 
0.3006 
0.2672 
0.2405 

0.1925 

0.1604 
0.1375 
0.1203 
0.1069 
0.09625 
0.08751 
0.08022 
0.06876 
0.06017 

0.05348 
0.04813 
0.040 II 
0.03438 

IsotQerm 
derivative 

105m3 • Pa/kg 

0.102 
0.104 
0.107 
0.109 
0.112 
0.123 

0.135 
.0.146 
0.158 
0.169 
0.180 
0.191 
0.202 
0.224 
0.245 
0.267 

0.288 
0.309 
0.330 
0.352 

0.373 
0.394 
0.415 

·0.436 
0.457 
0.478 

0.499 
0.520 
0.541 
0.583 
0.624 
0.666 
0.708 
0.749 
0.791 
0.833 

0.937 
1.04 
1.14 

1.25 
1.35 
1.46 
1.56 
1.66 
1.87 
2.08 

2.60 

3.12 
3.64 
4.16 
4.68 
5.20 
5.72 
6.23 
7.27 
8.31 

9.35 
10.4 
1?5 
14.5 

THERMODYNAMIC PROPERTIES OF HELIUM 4 969 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
1Q5Pa/K 

0.0972 
0.0952 
0.0933 
0.0914 
0.0897 
0.0818 

0.0753 
0.0698 
0.0650 
0.0609 
0.0573 
0.0541 
0.0513 
0.0464 
0.0424 
0.0390 

0.0362 
0.0337 
0.0316 
0.0207 

0.0280 
0.0265 
0.0252 
0.0239 
0.0228 
0.0218 

0.0209 
0.0201 
0.0193 
0.0179 
0.0167 
0.0157 
0.0147 
0.0139 
0.0132 
0.0125 

0.0111 
0.0100 
0.00910 
0.00834 
0.00770 
0.00715 
0.00667 
0.00625 
0.00556 
0.00500 

0.00400 
0.00333 
0.00286 
0.00250 
0.00222 
0.00200 
0.00182 
0.00167 
0.00143 
0.00125 

0.001l1 
0.00100 
0.000833 
0.000714 

Internal 
energy 
kJ/kg 

16.41. 
16.74 
17.07 
17.40 
17.73 
19.36 

20.99 
22.60 
24.20 
25.80 
27.39 
28.98 
30.57 
33.73 
36.88 
40.03 

43.18 
46.32 
49.46 
52.60 

55.73 
58.86 
61.99 
65.12 
68.25 
71.38 

74.51 
77.63 
80.76 
87.00 
93.25 
99.49 

105.7 
112.0 
118.2 
124.5 

140.1 
155.6 
171.2 

186.8 
202.4 
218.0 
233.6 
249.2 
280.3 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1090.0 
'1246.0 

1402.0 
1558.0 
1869.0 
2181.0 

Enthalpy 
kJ/kg 

27.31 
27.87 
28.43 
28.98 
29.53 
32.28 

35.00 
37.70 
40.39 
43.07 
45.73 
48.39 
51.05 
56.33 
61.61 
66.87 

72.12 
77.36 
82.60 
87.83 

93.06 
98.29 

103.5 
108.7 
113.9 
119.2 

124.4 
129.6 
134.8 
145.2 
155.6 
166.0 
176.4 
186.8 
197.2 
207.6 

233.6 
259.6 
285.6 

311.6 
337.6 
363.5 
389.5 
415.5 
467.4 
519.4 

649.2 
779.0 
908.9 

1039.0 
1169.0 
1298.0 
1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
2597.0 
3116.0 
3635.0 

Entropy 
kJ/kg ·K 

12.14 
12.24 
12.33 
12.43 
12.52 
12.96 

13.36 
13.74 
14.08 
14.41 
14.71 
15.00 
15.27 
15.78 
16.24 
16.66 

17.05 
17.41 
17.75 
18·96 
18.36 
18.64 
18.91 
19.17 
19.41 
19.64 

19.86 
20.08 
20.28· 
20.67 
21.03 
21.36 
21.68 
21.97 
22.26 
22.52 

23.13 
23.68 
24.18 

24.63 
25.05 
25.43 
25.79 
26.12 
26.74 
27.28 

28.44 
29.39 
30.19 
30.88 
31.49 
32.04 
32.54 
32.99 
33.79 
34.48 

35.09 
35.64 
36.59 
37.39 

C" I C" 

kJ/kg ·K 

3.122 
3.120 
3.119 
3.118 
3.117 
3.114 

3.113 
3.113 
3.113 
3.113 
3.113 
3.114 
3.114 
3.115 
3.115 
3.116 

3.116 
3.117 
3.117 
g.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

5.592 
5.574 
5.557 
5.541 
5.526 
5.465 

5.422 
5.388 
5.362 
5.342 
5.325 
5.311 
5.299 
5.281 
5.268 
5.257 

5.248 
5.241 
5.236 
5.231 

5.227 
5.223 
5.220 
5.218 
5.216 
5.214 

5.212 
5.211 
5.209 
5.207 
5.205 
5.204 
5.202 
5.201 
5.200 
5.200 

5.198 
5.197 
5.196 

5.196 
5.195 
5.195 
5.195 
5.194 
5.194 

, 5.194 

5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

Velocity 
of sound 

m/s 

135.1 
136.5 
137.9 
139.3 
140.6 
147.2 

153.3 
159.2 
164.8 
170.2 
175.4 
180.5 
185.3 
194.7 
203.6 
212.1 

220.2 
228.0 
235.6 
242.9 

250.0 
256.9 
263.6 
270.1 
276.5 
282.7 

288.8 
294.7 
300.6 
311.9 
322.9 
333.4 
343.7 
353.6 
363.3 
372.7 

395.3 
416.6 
436.9 

456.3 
474.9 
492.8 
510.0 

526.7 
558.6 
588.8 

658.2 
720.9 
778.6 
832.3 
882.8 
930.5 
975.9 

1019.0 
1101.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
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Temper. 
ature 

K 

800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.172 
2.5 
3.0 
3.5 
3.711 
3.711 
4.0 
4.5 
5.U 

5.1 

5.2 
5.a 
5.4 
5.5 
5.6 
57 

5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 

28.0 
30.0 
32.0 
M.O 

36.0 

Density 
kg/m 3 

0.03009 
0.02674 
0.02407 
0.02188 
0.02006 
0.01852 

0.01719 
0.01605 

147.4 
146.0 
142.2 
136.5 
133.3 

10.12 
8.851 
7.403 
6.427 
6.266 

6.114 
5.971 

5.835 
5.705 
5.582 
5.465 

5.353 
5.245 
5.143 
4.689 

4.314 
3.997 
3.726 
3.490 
3.284 
3.101 
2.938 
2.660 
2.431 
2.239 

2.075 
1.934 
1.811 
1.703 
LfiOH 

1.522 
1.445 
1.376 
1.313 
1.256 

1.203 
1.155 
l.IlO 
l.031 
0.9618 
0.9016 
0.848~ 

0.8013 

Isotherm 
derivative 

105 m3 • P a/kg 

16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.459 
0.376 
0.275 
0.229 
0.0421 
0.0530 
0.0690 
0.0832 
0.0859 

0.0885 
0.0912 

0.0938 
0.0963 
0.0989 
0.101 

0.104 
0.106 
0.109 
0.121 

0.133 
0.145 
0.156 
0.167 
0.179 
0.190 
0.201 
0.223 
0.244 
0.266 

0.287 
0.309 
0.330 
0.351 
o.:~n 

0.394 
0.415 
0.436 
0.457 
0.478 

0.499 
0.520 
0.541 
0.583 
0.625 
0.666 
0.708 

0.750 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.000625 
0.000556 
0.000500 
0.000455 
0.000417 
0.000385 

0.000357 
0.000333 

2.68 
3.47 
3.77 
3.79 
0.225 
0.194 
0.160 
0.138 
0.134 

0.131 
0.127 

0.124 
0.122 
0.119 
0.116 

0.114 
0.112 
0.109 
0.0994 

0.0913 
0.0845 
0.0787 
0.0736 
0.0692 
0.0653 
0.0619 
0.0559 
0.0511 
0.0470 

0.0435 
0.0405 
0.0379 
0.0357 
O.0::t~6 

0.031S 
0.0302 
0.0288 
0.0274 
0.0262 

0.0251 
0.0241 
U.U232 

0.0215 
0.0201 
0.0188 
0.0177 

0.0167 

Internal 
energy 
kJ/kg 

2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

4155.0 
4674.0 
5193.0 
5712.0 
6232.0 
6751.0 

7270.0 
7790.0 

0.6 X 10+5 pascal Isobar 

-10.80 
-9.737 
-8.396 
-7.711 

9.196 
10.43 
12.35 
14.14 
14.49 

14.83 
15.10 

15.52 
15.86 
16.20 
16.53 

16.S7 
17.21 
17.54 
19.19 

20.83 
22.45 
24.07 
25.67 
27.27 
28.87 
30.46 
33.63 
36.80 
39.95 

43.10 
46.25 
49.39 
52.53 
55.67 

58.81 
61.94 
65.07 
68.21 
71.33 

74.46 
77.59 
HU.n 
86.97 
93.22 
99.46 

105.7 

112.0 

-10.39 
-9.315 
-7.956 
-7.261 
15.12 
17.21 
20.46 
23.48 
24.06 

24.65 
25.23 

25.80 
26.38 
26.95 
27.51 

28.08 
28.64 

·29.21 
31.99 

34.74 
37.46 
40.17 
42.86 
45.54 
48.22 
50.88 
56.19 
61.48 
66.75 

72.01 
77.27 
82.52 
87.76 
92.99 

98.23 
103.5 
108.7 
113.9 
119.1 

124.3 
129.5 
134.8 

145.2 
155.6 
166.0 
176.4 

186.8 

Entropy 
kJ/kg ·K 

38.08 
38.69 
39.24 
39.74 
40.19 
40.60 

40.99 
41.35 

2.075 
2.471 
2.889 
3.082 
9.120 
9.662 

10.43 
11.06 
11.18 

11.29 
11.40 

11.51 
11.62 
11.72 
11.92 

11.92 
12.02 
12.11 
12.56 

12.96 
13.34 
13.69 
14.01 
14.32 
14.61 
14.88 
15.39 
15.85 
16.27 

16.66 
17.02 
17.36 
17.68 
17.9R 

18.26 
18.53 
18.79 
19.03 
19.26 

19.48 
19.70 
lY.YU 

20.29 
20.65 
20.98 
21.30 

21.59 

C,. I Cp 

kJ/kg ·K 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.897 
1.915 
2.107 
2.181 
3.312 
3.238 
3.173 
3.142 
3.138 

3.134 
3.131 

3.129 
3.126 
3.124 
3.123 

3.121 
3.120 
3.119 
3.115 

3.113 
3.112 
3.112 
3.113 
3.113 
3.113 
3.114 
3.115 
3.115 
3.116 

3.116 
3.117 
3.Il7 
3.117 
::Ll17 

3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 

3.117 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

2.080 
2.390 
3.076 
3.490 
7.685 
6.863 
6.211 
5.899 
5.855 

5.816 
5.761 

5.749 
5.720 
5.693 
!?669 

5.646 
5.625 
5.606 
5.529 

5.473 
5.431 
5.399 
5.373 
5.353 
5.336 
5.321 
5.299 
5.283 
5.270 

5.260 
5.251 
5.244 
5.239 
r;.2~4 

5.230 
5.226 
5.223 
5.220 
5.218 

5.216 
5.214 
5.212 

5.210 
5.208 
5.206 
5.2.04 

5.203 

Velocity 
of sound 

mls 

1664.0 
1765.0 
1861.0 
1951.0 
2038.0 
2121.0 

2201.0 
2279.0 

224.4 
216.7 
200.3 
191.4 
98.80 

106.0 
116.2 
124.9 
126.6 

128.2 
129.7 

131.3 
132.8 
134.2 
135.7 

137.1 
138.5 
139.9 
146.6 

152.9 
158.8 
164.5 
170.0 
175.2 
180.3 
185.2 
194.6 
203.5 
212.1 

220.2 
228.1 
235.7 
243.0 
250.1 

257.0 
263.7 
270.2 
276.6 
282.8 

288.9 
294.9 
300.7 
312.0 
323.0 
333.5 
343.8 

353.7 
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Temper-
ature 

K 

8.0 
8.5 
9.0 
9.5 

10.0 

11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0' 
22.0 
23.0 

24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40_0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0. 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 

1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kgfm 3 

4.370 
4.090 
3.846 
3.630 
3.439 

3.110 
2.841 
2.615 

2.424 
2.258 
2.115 
1.988 
1.876 
1.776 
1.687 
1.606 
1.532' 
1.465 

1.404 
1.347 

1.295 
1.202 
1.122 
1.052 
0.9897 
0.9346 
0.8854 
0_8411 

0.7477 
0.6729 
0.6118 
0.5608 
0.5177 
0.4808 
0.4487 
0.4207 
0.3740 
0.3366 

0.2694 
0.2245 
0.1924 
0.1684 
0.1497 
0.1347 
0.1225 
0.1123 
0.09626 
0.08423 

0.07487 
0.06738 
0.05616 
0.04814 
0.04212 
0.03744 
0.0::S::S7U 

0.03063 
0.02808 
0.02592 

0.02407 
0.02246 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.154 
0.166 
0.177 
0.188 
0.200 

0.222 
0.244 
0.265 

0.287 
0.308 
0.330 
0.351 
0.372 
0.393 
0.415 
0.436 
0.457 
0.478 

0.499 
0.520 

0.541 
0.583 
0.625 
0.667 
0.708 
0.750 
0.792 
0_834 

0.938 
1.04 
1.15 
1.25 
1.35 
1.46 
1.56 
1.67 
1.87 
2.08 

2.60 
3.12 
3.64 
4.16 
4.68 
5.20 
5.72 
6.24 
7.27 
8.31 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 

22.9 
24.9 
27.0 

29.1 
31.2 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative· 
105 Pa/K 

0.0925 
0.0865 
0.0813 
0.0766 
0.0725 

0.0655 
0.0598 
0.0550 

0.0509 
0.0474 
0.0444 
0.0417 
0.0393 
0.0372 
0.0353 
0.0336 
0.0320 
0.0306 

0.0293 
0.0282 

0.0271 
0.0251 
0.0234 
0.0219 
0.0206 
0.0195 
0.0185 
0.0175 

0.0156 
0.0140 
0.0127 
0.0117 
0.0108 
0.0100 
0.00934 
0.00875 
0.00778 
0.00700 

0.00560 
0.00467 
0.00400 
0.00350 
0.00311 
0.00280 
0.00255 
0.00233 
0.00200 
0.00175 

0.00156 
0.00140 
0.00117 
0.00100 
0.000875 
0.000778 
0.000700 

0.000636 
0.000583 
0.000538 

0.000500 
0.000467 

Internal 
energy 
kJ/kg 

23.93 
25.54 
27.15 
28.75 
30.35 

33.53 
36.71 
39.87 

43.03 
46.18 
49.33 
52.47 
55.61 
58.75 
61.89 
65.03 
68.16 
71.29 

74.42 
77.55 

80.68 
86.93 
93.19 
99.43 

105.7 
111.9 
118.2 
124.4 

140.0 
155.6 
171.2 
186.8 
202.4 
218.0 
233.6 
249.2 
280.3 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 

3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

39.95 
42.66 
45.35 
48.04 
SO.71 

56.04 
61.35 
66.63 

71.91 
77.17 
82.43 
87.68 
92.92 
98.16 

103.4 
108.6 
113.9 
119:1 

124.3 
129.5 

134.7 
145.2 
155.6 
166.0 
176.4 
186.8 
197.2 
207.6 

233.6 
259.6 
285.6 
311.6 
337.6 
363.6 
389.6 
415.5 
467.5 
519.4 

649.3 
779.1 
908.9 

1039.0 
1169.0 
1298.0 
1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
,2597.0 

3116.0 
3635.0 
4155.0 
4674.0 
5193.0 

5712.0 
6232.0 
6751.0 

7270.0 
7790.0 

Entropy 
kJ/kg ·K 

13.35 
13.68 
13.99 
14.28 
14.55 

15.06 
15.52 
15.95 

16.34 
16.70 
17.04 
17.36 
17.66 
17.94 
18.21 
18.46 
18.71 
18.94 

19.16 
19.37 

19.58 
19.97 
20.32 
20.66 
20.98 
21.27 
21.56 
21.82 

22.43 
22.98 
23.48 
23.93· 
24.35 
24.73 
25.09 
25.43 
26.04 
26.58 

27.74 
28.69 
29.49 
30.18 
30.80 
31.34 
31.84 
32.29 
33.09 
33.78 

34.40 
34.94 
35.89 
36.69 
37.38 
37.99 
38.54 

39.04 
39.49 
39.90 

40.29 
40.65 

Cr I CII 

kJ/kg'K 

3.112 
3.112 
3.113 
3.113 
3.114 

3.114 
3.115 
3.116 

3.116 
3.117 
3.117 
3.117 
3.117 
3.118 
3.118 
3.118 
3.118 
3.118 

3.118 
3.118 

3.118 
3.118 
3.118 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 

3.116 
3.116 

5.436 
5.406 
5.381 
5.360 
5.343 

5.317 
5.298 
5.283 

5.271 
5.261 
5.253 
5.246 
5.240 
5.236 
5.232 
5.228 
5.225 
5.222 

5.220 
5.218 

5.216 
5.213 
5.210 
5.208 
5.206 
5.20~ 

5~203 

5.202 

5.200 
5.199 
5.198 
5.197 
5 . .196 
5.196 
5.195 
5.195 
5.195 
5.194 

5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 

5.193 
5.193 

Velocity 
of sound 

mls 

164.2 
169.7 
175.0 
180.1 
195.1 

194.5 
203.5 

. 212.1 

220.2 
228.1 
235.7 
243.0 
250.1 
257.0 
263.8 
270.3 
276 .. 7 
282.9 

289.0 
295.0 

300.8 
312.2 
323.1 
333.7 
343.9 
353.9 
363.5 
372.9. 

395.5 
416.8 
~37.1 

456.5 
475.1 
493.0 
510.2 
526.9 
558.8 
589.0 

658.3 
721.1 
778.8 
832.5 
882.9 
930.6 
976.0 

1019.0 
1101.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 

1951.0 
2038.0 
2121.0 

2201.0 
2279.0 
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0.0450 
0,0426 
0.0404. 
0;0384-
Q.0367 

" O.03SQ 

"0:0336 ' 
0.0322 ' . 
0.0309 '. 
0.02137 
0.0268 . 
0.0251": 
0;0236' . 
'0.0223' 
0.Q211 

0;0200 

0.0178 . 
0;0160" . 
0.0146 
0.0}33 
0.0123 
0.0114 

Q.OI07 

-1();82 
~~770 

-8.451 
-6.782 
-'9.370 

9.460 
H.68 

•. ·13.6()· 

"J:t97 

. '14.34:" 
14:70 
15.05 
15.41 

15.76 
16~1l 

16.46 
16;80 

17.14 
18.84 

'20.51· 
22.16 
23.79 . 

25042 
27.03 
28.M 
30.24 
33.44. 
36.62 
39.79 

42.95 
46.11 
49~26 

,52~41 . 
55.56 
58.70 

'61.04 

64;98 
68.11 . 

71.25., 

74.38 
77S1 
80;64 
86.90 . 
93.15' 
99.40 

105.7 
llL9. 
118.1 
If4.4 

'140.0 
·155.6 
'171.2 . 

186.8 
202A 
218.0 

233,6' 

-10.27' 
-9.209 .' 2.460:' 1~913 
~ 7.868 2.8732;103' 

~-,~,1fi3· ~:: '" -.. 3.328 ." 2,275 
15.38 " R739 3~331 

15.53 8.7~8,,' .• 3.324 
19.28 9.663. 3.210 
22.54 
23;17, 

23.78 
24.39 
25.00 
25.60 

26;19> 
26~78 

'2:1.37 
27.95' 

'28;S3i 
31.39 

34.20 ' 
36:97 
39.72 
42045 
45.16 
47~86 
50:55 
55.89 
61.22 
66;52 

71..80 
77.08 
82,35 

:87.60 
, 92:85 

.98.10 
'10.3.3 

108~6 
113.8 . 
119~O ' 

124.3 
129.5 . 

:134~7 
'145.1 . 
155.6 
166.0 

"176.4 
'186,8. 
'197.2 
207~6 

. 233.6 
259.6 
285:6· 

.···311;6 
337~6 

'363.6' 

389.6 

", 10.35; 

10~47 

10.59" 
iO~7L . 
10.82 

3~159 

" 3~153 

3a47 
3~143 
3.138 

10.93 is. iss 
11.04 . ,~ 3.132 
.11.14:.', ':3~129 . 
11.25 3,}26 
11~35 . 3.124 
11.44 3;122: 

12.32: 
12.~O 

13.06' 

13.39 
13.70. 
13.99 
14.26 

. 14.77 
15~24' . 
15;66 

16.05 ' 

16A2 
10.76, 

17,08 
17.38 
17~~ 
17.93 
.18;1B" 
18.43: 
18.66 

18.88 
19;10. 
19~30 

19~69, 

20.05 
20.-38 
20.70 
21.00 
2l.28 ' 

,,21.54' 

22.16 
22.70 
23~20 . 

23,~65 

24.07, 

3~n3. 
3.1~2' 
3.,112': 

3.112 
3.1i2 
3:113 
3.113 

. 3.114" 

3:115' 
3.116 

3.117 
3.117 
3.i17 . 
3.118 
3;118 
3~1l8 

3.118 

3.UB 
3.U8· 
3.US 

3~11B 

. 3.118 
3.11S 
3.118 

. 3.11B 
3:118 . 
3.118 
3.li8·' 
3.117 

"3.117 

3.117 
3.117 
3.117 
3.117. 

'3.117 
24A5 3.11'7, 

24.8}·3.117 

', •.. :.": ...... ! 

;" '.: '."." " .. ...,;"' .. ;(;~(.. 

'·2;063' ····226i?i~~? 
>2.31~(.: ',21~.A;~"· 

;:3;036,':', 203;!i :::; 
4;142 , ,1~t-9:J; 
8.-sao. ···:··w.~~t~ 
·s:..u;s: '1.0&3':\ 

'. 6.862 'J12.ilii 
6:210 .', '122~4;'~ 

'6.194',':;;'" ;i2422:t 
6;127" . ~";'ii~~~'::' 
6;067 ' 

6:014'c 
"5;~ 

5'.922 
5;883 

·:127\6:: 
:i29~a;; 

!~:,~: 
132A 
·134io~:;· 

'5.847 135~5:'· 
, 5.814 ' "'137.0/' 

5,7134: "i38~4::: 
'5~665. '145.4:(~ 

.~, ~ .: .. ,~.~', ':' 

5,582 151'~9, 

5~521.:'15~oi 
,5,415"i63~9· 
5.438 "',<169;4 
,5.409 . '174Ji 
S~3S6 "17?t9 
'5.366; -l~~.9' 
:5 .. 336 ": "194:4< 
5.313" 203:5), 
5.296 212iO:: 

5;282 .": " :2~~;:i:'; 
. 5:271 .... ' " 228;2,:. 

5:262, 235.~!i" 
5~254 243.'1:<' 

·::'5..247~::. ',250:2:'· 
5.242;,:' .·'257;f·· 

, 5.257.'.: ·'~65.{· 
·:S.233 . " '.~7(h4, 

·S.229·276!8:· 
;5.226 ,'283:0/; 

:~::i: ;'.:;~,~ 
'5.219 '. 3OQ~~ 

, Jl~~~ 
}23~~ 
':333.:8 
'~~,~ 

5~215. 
.,'5.212,',. 
'5.210 
:5.208'; 
'5.206 
5;205 

:354:0 
"::363~i 

·s~-20~i.:·' ::31~rf 

5.2()1 
5.200, 
5.198 
5.197 
5~197 
5.196 
5.196 

~39Sj'6 
-41~~{, 

".437:2 
,'456~.(j: 
475;:2' 

~~i~'!: 
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Temper-
ature 

K 

80.0 
90.0 

100.0 

125.0 
150.0 
1"I:>.U 

200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rn3 

0.4807 
0.4274 
0.3847 

0.3078 
0.2565 
0.2199 

0.1925 
0.1711 
0.1540 
0.1400 
0.1283 
O.llOO 
0.09626 

0.08556 
0.07701 
0.06418 
0.05501 
0.04814 
0.04279 
0.03851 
0.03501 
0.03209 
0.02962 

0.02751 
0.02567 

2.170 148.0 
2.5 
3.0 
3.5 

4.0 
4.101 
4.101 
4.5 
5.0 
5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.0 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
J3.0 

14.0 

146.6 
143.0 
137.6 

129.5 
127.3 

14.97 
12.28 
10.31 
10.00 

9.723 
9.461 
9.215 
8.984 
8.766 
8.561 
8.366 
8.182 
8.006 
7.242 

6.626 
6.114 
5.680 
5.308 
4.983 
4.698 
4.445 
4.016 
3.665 
3.371 

3.122 

Isotherm 
~erivative 

105 m3 • Pa/kg 

1.67 
1.87 
2.08 

2.60 
3.12 
;i.b4 

4.16 
4.68 
5.20 
5.72 
6.24 
7.27 
8.31 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.476 
0.394 
0.291 

0.185 
0.161 
0.0367 
0.0542 
0.0716 
0.0747 

0.0778 
0.0808 
0.0838 
0.0867 
0.0896 
0.0924 
0.0952 
0.0980 
0.101 
0.114 

0.127 
0.139 
0.151 
0.163 
0.174 
0.186 
0.197 
0.220 
0.242 
0.264 

0.286 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.0100 
0.00889 
0.00800 

0.00640 
0.00533 
U.UU4!>7 

0.00400 
0.00356· 
0:00320 
0.00291 
0.00267 
0.00229 
0.00200 

0.00178 
0.00160 
0.00133 
0.00114 
0.00100 
0.000889 
0.000800 
0.000727 
0.000667 
0.000615 

0.000571 
0.000533 

2.67 
3.49 
3.S1 

3.79 
3.74 
0.340 
0.272 
0.225 
0.218 

0.211 
0.205 
0.200 
0.194 
0.189 
0.185 
0.180 
0.176 
0.172 
0.166 

0.142 
0.130 
0.121 
0.113 
0.106 
0.100 
0.0942 
0.0850 
0.0774 
0.0711 

0.0658 

Internal 
energy 
kJ/kg 

249.1 
280.3 
311.5 

389.4 
467.3 
545.:l 

623.1 
701.0 
778.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

415.6 
467.5 
519.4 

649.3 
779.1 
909.0 

1039.0 
1169.0 
1298.0 
1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
2597.0 
3116.0 
R6R!i.O 
4155.0 
4674.0 
5193.0 
5713.0 
6232.0 
6751.0 

7270.0 
7790.0 

0.9 X lor5 pascal Isobar 

-10.83 
-9.786 
-8,1.77 

-6.758 
-6.334 

9.399 
11.29 
13.31 
13.70 

14.07 
14.44 
14.81 
15.17 
15.53 
15.89 
16.24 
16.59 
16.94 
18.66 

20.34 
22.01 
23.65 
25.29 
26.91 
28.53 
30.14 
33.34 
36.53 
39.70 

42.87 

-10.22 
-9.156 
-7.823 

-6.063 
-5.627 
15.41 
18.62 
22.05 
22.69 

23.33 
23.95 
24.57 
25.19 
25.80 
26.40 
27.00 
27.59 
28.18 
31.08 

33.93 
36.73 
39.50 
42.24 
44.97 
47.68 
50.38 
55.75 
61.09 
66.40 

71.70 

Entropy 
kJ/kg ·K 

25.15 
25.76 
26.31 

27.47 
28.41 
:l9.:l1 

29.91 
30.52 
31.07 
31.56 
32.01 
32.81 
33.51 

34.12 
34.67 
35.61 
M_41 

37.11 
37.72 
38.26 
38.76 
39.21 
39.63 

40.01 
40.37 

2.063 
2.454 
2.865 

3.334 
3.441 
8.573 
9.322 

10.04 
10.17 

10.29 
10.41 
10.53 
10.64 
10.75 
10.86 
10.96 
11.06 
11.16 
11.63 

12.05 
12.44 
12.79 
13.13 
13.44 
13.73 
14.01 
14.52 
14.99 
15.41 

15.80 

Ct. I Cp 

kj/kg ·K 

3.117 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.1I6 . 

3.116 

3.116 
3.116 

1.880 
1.911 
2.102 

2.279 
2.319 
3.339 
3.232 
3.170 
3.162 

3.155 
3.149 
3.144 
3.140 
3.136 
3.133 
3.130 
3.127 
3.125 
2.117 

3.113 
3.112 
3.111 
3.111 
3.112 
3.112 
3.113 
3.114 
3.115 
3.Il6 

3.117 

5.195 
5.195 
5.194 

5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.19R 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

2.054 
2.364 
3.017 

4.140 
4.512 
9.102 
7.315 . 
6.497 
6.398 

6.312 
6.236 
6.168 
6.107 
6.053 
6.004 
5.960 
5.920 
5.883 
0.739 

5.640 
5.568 
5.514 
5.472 
5.438 
5.4Il 

.5.388 
5.354 
5.329 
5.309 

5.294 

Velocity 
of sound 

m/s 

527.0 
558.9 
589.0 

658.4 
721.1 
778.8 

832.5 
883.0 
930.7 
976.1 

1019.0 
1l01.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 
1951.0 
2038.0 
2121.0 

2202.0 
2279.0 

228.1 
220.7 
205.3 

183.1 
177.2 
100.0 
110.7 
121.1 
123.0 

124.8 
126.5 
128.2 
129.9 
131.5 
133.1 
134.6 
136.2 
137.7 
144.8 

151.4 
157.6 
163.5 
169.2 
174.6 
179.8 
184.8 
194.4 
203.4 
212.0 

220.3 



Temper-
ature 

K 

15.0 

16.0 
17.0, 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
9U.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 

275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 

1500.0 

2.169 
2.5 
3.0 

3.5 
4.0 

Density 
kg/rn 3 

2.908 

2.722 
2.558 
2,414 
2.285 
2.169 
2.065 
1.970 
1.883 

1.804 
1.732 
1.665 

1.545 
1.442 
1.352 
1.272 
1.201 
1.138 
1.081 

0.9608 
0.8648 
0.7862 
0.7208 
0.6654 
0.6179 
0.5768 
0.5407 
0.4t1UI 

0.4327 

0.3462 
0.2886 
0.2474 
0.2165 
0.1925 
0.1732 

0.1575 
0.1444 
0.1237 
O.lOR5\ 

0.09626 
0.08663 
0.07220 
0.06189 
0.05415 
0.04814 
0.04332 
0.03938 
0.03610 
0.03333 

0.03095 

0.02888 

148.2 
146.8 
113.3 

138.0 
130.0 

Isotherm 
derivative 

105 m3·Pa/kg 

0.307 

0.329 
0.350 
0.372 
0.393 
0.414 
0.436 
0.457 
0.478 

0.499 
0.520 
0.541 

0.583 
0.625 
0.667 
0.709 
0.751 
0.793 
0.834 

0.939 
1.04 
1.15 
1.25 
1.36 
1.46 
1.56 
1.67 
Uri 

2.08 

2.60 
3.12 
3.64 
4.16 
4.68 
5.20 

5.72 
6.24 
7.28 
~L!tl 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 

31.2 

0.482 
OAOO 

0.300 
0.191 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10~Pa/K 

0.0612 

0.0573 
0.0538 
0.0507 
0.0480 
0.0455 
0.0433 
0.0413 

·0.0395 

0,0378 
0.0363 
0.0348 

0.0323 
0.0301 
0.0282 
0.02110 

0.0251 
0.0237 
0.0226 

0.0200 
'0.0180 
0.0164 
0.0150 
0.0139 
0.0129 
0.0120 
0.0113 
U.U100 

0.00900 

0.00720 
0.00600 
0.00514 
0.00450 
0.00400 
0.00360 

0.00327 
0.00300 
0.00257 
O.OM?!; 

0.00200 
0.00180 
0.00150 
0.00129 
0.00112 
0.00100 
0.000900 
0.000818 
0.000750 
0.000692 

0.000643 

0.000600 

2.67 
3.19 

3.83 
3.82 

Internal 
energy 
kJ(kg 

46.04 

49.19 
52.35 
55.50 
58.64 
61.79 
64.93 
68.07 
71.20 

74.34 
77.47 
80.60 

86.86 
93.12 
99.37 

lOS.tl 

111.9 
118.1 
124.4 

140.0 
155.6 
171.2 
186.8 
202.4 
218.0 
233.5 
249.1 
2t10.a 

311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.0 

856.8 
934.7 

1091.0 
l?4(,O 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 

4674.0 

Enthalpy 
kJ/kg 

76.98 

82.26 
87.53 
92.78 
98.03 

103.3 
108.5 
113.8 
119.0 

124.2 
129.4 
1:-l4.7 

145.1 
155.5 
166.0 
176.4 
186.8 
197.2 
207.6 

233.6 
259.7 
285.7 
311.6 
337.6 
363.6 
389.6 
415.6 
4t'-'.5 
519.5 

649.3 
779.2 
909.0 

1039.0 
1169.0 
1208.0 

1428.0 
1558.0 
1818.0 
?0770 

2337.0 
2597.0 
3116.0 
3635.0 
4155.0 
4674.0 
5193.0 
5713.0 
6232.0 
6751.0 

7270.0 

7790.0 

1.0 X 10+-5 pascal Isobar 

-10.84 -10.16 
-9.801 -9.103 

-8.502 -7.777 
-6.805 -6.036 

Entropy 
kJ/kg ·K 

16.17 

16.51 
16.83 
17.13 
17.41 
17.68 
17.94 
18.18 
18.41 

18.64 
18.85 
19.05 

19.44 
19.80 
20.14 
20.45 
20.75 
21.03 
21.30 

21.91 
22.46 
22.96 
23.41 
23.82 
24.21 
24.57 
24.90 
:l!:>.51 

26.06 

27.22 
28.17 
28.97 
29.66 
30.27 
30.82 

31.32 
31.77 
32.57 
33.26 

33.87 
34.42 
35.37 
36.17 
36.86 
37.47 
38.02 
38.51 
38.97 
39.38 

39.17 

40.13 

2.059 
2.118 

2.857 
3.321 

Ct. I C,. 

kJ/kg ·K 

3.117 

3.117 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 

3.118 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

3.116 

1.874 
1.910 

2.100 
2.275 

5.201 

5.270 
5.262 
5.254 
5.248 
5.243 
5.238 
5.234 
5.230 

5.227 
5.225 
5.222 
5.218 
5.215 
5.212 
5.210 
5.208 
5.206 
5.205 

5.202 
5.200 
5.199 
5.198 
5.197 
5.197 
5.196 
5.196 
5.195 
5.195 

5.194 
5.194 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 

5.193 

2.046 
2.356 

2.998 
4.082 

Velocity 
of sound 

m/s 

220.2 

235.8 
243.2 
250.3 
257.2 
263.9 
270.5 
276.9 
283.1 

289.2 
295.2 
301.0 
312.4 
323.3 
333.9 
344.2 
354.1 
363.8 
373.2 

395.7 
417.1 
437.3 
456.7 
475.3 
493.2 
510.4 
527.1 
559.0 
589.1 

658.5 
721.2 
778.9 
832.6 
883.0 
930.7 

976.1 
1019.0 
1101.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 
1951.0 
2038.0 
2121.0 

2202.0 

2279.0 

229.3 
222.0 

206.9 
185.3 
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SIt) 

Temper. 
ature 

K 

4.210 
4.210 
4.5 
5.0 
5.1 

5.2 
5.3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 

6.5 

7.0 
7.5 
8.0 
8.5 
9.0 

9.5 
10.0 
11.0 
i2.0 

13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22;0 
23.0 

24.0 
25.0 
26.0 
28.0 

30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 

60.0 
65.0 
7U.U 

75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 

Density 
kg/m 3 

125.2 
16.66 
14.23 
11.75 
11.38 

11.04 
10.73 
10.4.3-

10.16 
9.903 
9.661 
9.433 
9.218 
9.014 
8.131 

7.,423 
6.839 
6.347 
5.925 
5.559 

5.238 
4.954 
4.472 
4.079 

3.751 

3.473 
3.234 
3.026 
2.844 
2.683 
2.539 
2.410 
2.294 
2.189 
2.093 

2.005 
1.924 
1.849 
1. 717 

1.602 
1.501 
1.413 
1.334 
1.264 
1.201 

1.067 
0.9607 
0.8734 
0.8007 
0.7392 
U.bijb4 

0.6407 
0.6007 
0.5341 
0.4807 

0.3847 
0.3206 
0.2749 
0.2405 
0.2138 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.143 
0.0346 
0.0485 
0.0674 
0.0708 

0.0740 
0.0772 
0.0203-

0.0834 
0.0864 
0.0893 
0.0922 
0.0951 
0.0979 
0.111 

0.124 
0.137 
0.149 
0.161 
0.173 

0.185 
0.196 
0.219 
0.241 

0.263 

0.285 
0.307 
0.329 
0.350 
0.372 
0.393 
0.414 
0.436 
0.457 
0.478 

0.499 
0.520 
0.541 
0.503 

0.625 
0.667 
0.709 
0.751 
0.793 
0.835 

0.939 
1.04 
1.15 
1.25 
1.36 
1.46 

1.56 
1.67 
1.88 
2.08 

2.60 
3.12 
3.64 
4.16 
4.68 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 

ROBERT D. McCARTY 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

3.69 
0.381 
0.319 
0.258 
0.249 

0.241 
0.234 
0<)27 

0.221 
0.215 
0.209 
0.204 
0.199 
0.195 
0.175 

0.159 
0.146 
0.135 
0.126 
0.118 

0.111 
0.105 
0.0948 
0.0863 

0.0793 

0.0733 
0.0682 
0.0638 
0.0599 
0.0564 
0.0534 
0.0506 
0.0482 
0.0459 
0.0439 

0.0420 

0.0403 
0.0387 
0.0359 

0.0335 
0.0314 
0.0295 

0.0279 
0.0264 
0.0251 

0.0223 
0.0200 
0.0182 
0.0167 
0.0154 
0.0143 

0.0133 
0.0125 
0.0111 
0.0100 

0.00800 
0.00667 
0.00571 
0.00500 
0.00444 

Internal 
energy 
kJ/kg 

-5.892 
9.396 

10.88 
13.01 
13041 

13.79 
14.18 
14.55 

14.92 
15.29 
15.66 
16.02 
16.37 
16.73 
18.47 

20.18 
21.86 
23.51 
25.16 
26.79 

28.41 
30.03 
33.24 
36.44 

39.62 

42.80 
45.96 
49.13 
52.29 
55.44 
58.59 
61. 73 
64.88 
68.02 
71.16 

74.29 
77.43 
80.56 
86.83 

93.09 
99.34 

105.6 
111.8 
118.1 
124.3 

140.0 
155.6 
171.2 
186.8 
202.4 
218.0 

233.5 
249.1 
280.3 
31l .. i:i 

389.4 
467.3 
545.2 
623.1 
701.0 

Enthalpy 
kJ/kg 

-5.094 
15.40 
17.90 
21.52 
22.19 

22.85 
23.50 
24..14. 

24.77 
25.39 
26.01 
26.62 
27.22 
27.82 
30.77 

33.65 
36.48 
39.27 
42.04 
44.:18 

47.50 
50.22 
55.60 
60.95 

66.28 

71.59 
76.89 
82.17 
87.45 
92.71 
97.97 

103.2 
108.5 
113.7 
118.9 

124.2 
129.4 
134.6 
145.1 

155.5 
165.9 
176.4 
186.8 
197.2 
207.6 

233.6 
259.7 
285.7 
311.7 
337.6 
363.6 

389.6 
415.6 
467.5 
519.5 

649.4 
779.2 
909.0 

1039.0 
1169.0 

Entropy 
kJ/kg ·K 

3.550 
8.417 
8.994 
9.758 
9.890 

10.02 
10.14 
10.26 

10.38 
10.49 
10.60 
10.70 
10.81 
10.91 
11.38 

11.81 
12.20 
12.56 
12.89 
13.21 

13.50 
13.78 
14.29 
14.76 
15.19 

15.58 
15.94 
16.29 
16.61 
16.91 
17.19 
17.46 
17.72 
17.96 
18.19 

18.41 
18.63 
18.83 
19.22 

19.58 
19.92 
20.23 
20.53 
20.8] 
21.08 

21.69 
22.24 
22.74 
23.19 
23.60 
23.99 

24.35 
24.68 
25.30 
25.04 

27.00 
27.95 
28.75 
29.44 
30.05 

C,. I Cp 

kJ/kg·K 

2.362 
3.347 
3.259 
3.182 
3.172 

3.164 
3.157 
3.151 

3.146 
3.141 
3.137 
3.133 
3.130 
3.12B 
3.118 

3.114 
3.112 
3.111 
3.111 
3.111 

3.112 
3.113 
3.114 
3.115 

3.116 

3.117 
3.117 
3.11S 
3.118 
3.11B 
3.118 
3.118 
3.118 
3.118 
3.119 

3.118 
3.118 
3.118 
3.112 
3.118 
3.118 
3.118 
3.118 
3.118 
3.118 

3.11B 
3.117 
3.117 
3.117 
3.117 
3.117 

3.Il7 
3.117 
3.1 ]7 
3.117 

3.ll6 
3.116 
3.116 
3.116 
3.116 

4.923 
9.693 
7.909 
6.763 
6.634 

6.522 
6.425 
6.34.0 

6.264 
6.197 
6.137 
6.083 
6.034 

5.989 
5.B17 

5.700 
5.617 
5.554 
5.506 
5.468 

5.437 
5.411 
5.373 
5.344 

5.322 

5.305 
5.291 
5.279 
5.269 
5.261 
5.254 
5.248 
5.243 
5.238 
5.235 

5.231 
5.228 
5.225 
5.221 

5.217 
5.214 
5.212 
5.210 
5.208 
5.206 

5.203 
5.201 
5.200 
5.198 
5.198 
5.197 

5.196 
5.196 
5.195 
5.195 

5.194 
5.194 
5.193 
5.193 
5.193 

Velocity 
of sound 

m/s 

172.6 
100.2 
10B.5 
119.7 
121.6 

123.5 
125.4 
127, I 

128.9 
130.5 
132.2 
133.8 
135.4 
136.9 
144.2 

150.9 
157.2 
163.2 
168.9 
174.4 

179.6 
184.6 
194.3 
203.4 

2]2.0 

220.3 
228.2 
235.9 
243.2 
250.4 
257.3 
264.0 
270.6 
277.0 
283.2 

289.3 
295.3 
301.2 
312.5 

323.5 
334.0 
344.3 
354.2 
363.9 
373.3 

395.9 
417.2 
437.5 
456.8 
475.4 
493.3 

510.5 
527.2 
559.1 
589.2 

658.6 
721.3 
779.0 
832.6 
883.1 



Temper-
ature 

K 

250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1l00.0 

1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/m 3 

0.1925 
0.1750 
0.1604 
0.1375 
0.1203 

0.1069 
0.09626 
0.08022 
0.06876 
0.06017 
0.05348 
0.04814 
0.04376 

0.04011 
0.03703 

0.03438 
0.03209 

2.167 148.6 
2.5 
3.0 
3.5 
4.0 
4.410 
4.410 
4.5 
5.0 
5.] 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 

6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 

147.3 
143.8 
138.6 
131.0 
121.1 
20.24 
18.99 
14.92 
14.38 

13.90 
13.45 
13.04 
12.66 
12.31 
11.98 
11.68 
11.39 
11.12 

9.97 

9.058 
8.319 
7.702 
7.177 
6.724 
6.329 
5.979 
5.391 
4.911 
4.512 

4.175 
3.886 
3.635 
3.416 
3.221 
3.048 
2.893 
2.753 
2.627 

Isotherm 
derivative 

105 m3 • Pa/kg 

5.20 
5.72 
6.24 
7.28 
8.31 

9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 

24.9 
27.0 

29.1 
31.2 

0.493 
0.411 
0.312 
0.205 
0.110 
0.0302 
0.0356 
0.0586 
0.0624 

0.0661 
0.0697 
0.0731 
0.0765 
0.0797 
0.0829 
0.0860 
0.0891 
0.0921 

0.107 

0.120 
O.1.~3 

0.146 
0.158 
0.170 
0.182 
0.194 
0.217 
0.239 
0.262 

0.284 
0.306 
0.328 
0.350 
0.371 
0.393 
0.414 
0.435 
0.457 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.00400 
0.00364 
0.00333 
0.00286 
0.00250 

0.00222 
0.00200 
0.00167 
0.00143 
0.00125 
0.00111 
0.00100 
0.000909 

0.000833 
0.000769 

0.000714 
0.000667 

2.67 
3.50 
3.86 
3.88 
3.57 
0.468 
0.436 
0.333 
0.320 

0.308 
0.297 
0.287 
0.278 
0.270 
0.262 
0.255 
0.249 
0.242 

0.216 

0.196 
0.179 

0.165 
0.154 
0.144 
0.135 
0.128 
0.115 
0.104 
0.0957 

0.0884 
0.0822 
0.0768 
0.0721 
0.0679 
0.0642 
0.0609 
0.0579 
0.0552 

Internal 
energy 
kJ/kg 

778.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 
1558.0 
1869.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 

3739.0 
4051.0 

4.0.362.0 
4674.0 

Enthalpy 
kJ/kg 

1299.0 
1428.0 
1558.0 
1818.0 
2077.0 

2337.0 
2597.0 
3116.0 
3635.0 
4155.0 
4674.0 
5193.0 
6713.0 

6232.0 
6751.0 

7270.0 
7790.0 

1.2 X let5 pascal Isobar 

-10.86 
-9.831 
-8.551 
-6.893 
-5.014 

9.299 
9.863 

12.35 
12.78 

13.20 
13.61 
14.01 
14.41 
14.79 
15.18 
15.55 
15.93 
16.30 

18.10 

19.84 
21.~!l 

23.23 
24.90 
26.55 
28.18 
29.81 
33.05 
36.26 
39.46 

42.64 
45.82 
48.99 
52.16 
55.32 
58.48 
61.63 
64.78 
67.92 

-10.04 
-8.996 
-7.685 
-5.977 
-4.023 
15.23 
16.18 
20.39 
21.12 

21.83 
22.53 
23.21 
23.88 
24.54 
25.19 
25.83 
26;46 
27.09 

30.14 

33.09 
3~.97 

38.81 
41.62 
44.39 
47.15 
49.88 
55.31 
60.69 
66.05 

71.38 
76.70 
82.00 
87.29 
92.57 
97.84 

103.1 
108.4 
H3.6 

Entropy 
kJ/kg ·K 

30.60 
31.10 
31.55 
32.35 
33.04 

33.65 
34.20 
35.15 
35.95 
36.64 
37.25 
37.80 
39.30 

38.75 
39.16 

39.55 
39.91 

2.052 
2.438 
2.842 
3.297 
3.761 
8.126 
8.339 
9.228 
9.373 

9.512 
9.644 
9.772 
9.895 

10.01 
10.13 
10.24 
10.35 
10.45 

10.94 

11.38 
11 7~ 

12.14 
12.48 
12.80 
13.10 
13.38 
13.90 
14.37 
14.79 

15.19 
15.56 
15.90 
16.22 
16.52 
16.81 
17.08 
17.33 
17.58 

Cv I C" 

kJ/kg ·K 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

3.116 
3.116 

1.863 
1.907 
2.096 
2.268 
2.447 
3.361 
3.325 
3.210 
3.196 

3.185 
3.175 
3.166 
3.159 
3.153 
3.147 
3.142 
3.138 
3.134 

3.121 

3.115 
3.11? 

3.111 
3.110 
3.111 
3.111 
3.112 
3.113 
3.115 
3.116 

3.117 
3.118 
3.118 
3.118 
3.119 
3.119 
3.119 
3.119 
3.119 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 

2.030 
2.340 
2.964 
3.977 
5.922 

11.17 
9.97 
7.454 
7.231 

7.045 
6.887 
6.752 
6.636 
6.533 
6.443 
6.364 
6.292 
6.228 

5.987 

5.830 
5.719 

5.639 
5.577 
5.529 
5.490 
5.458 
5.411 
5.376 
5.349 

5.328 
5.311 
5.297 
5.285 
5.275 
5.266 
5.259 
5.253 
5.248 

Velocity 
of sound 

m/s 

930.8 
976.1 

1020.0 
1101.0 
1177.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 
1951.0 

2038.0 
2121.0 

2202.0 
2279.0 

231.7 
224.6 
210.1 
189.5 
163.3 
100.1 
103.3 
116.6 
118.8 

120.9 
122.9 
124.9 
126.7 
128.5 
130.3 
132.0 
133.7 
135.3 

142.9 

149.9 
156.4 

162.6 
168.4 
173.9 
179.2 
184.4 
194.1 
203.3 
212.0 

220.3 
228.3 
236.0 
243.4 
250.5 
257.5 
264.2 
270.8 
277.2 
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Temper-
ature 

K 

23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 

75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 

1300.0 

1400.0 
1500.0 

2.165 
2.5 
3.0 
3.5 
4.0 
4.5 
4.587 
4.587 
5.0 
5.1 

5.2 
5.3 
5.4 

Density 
kg/m 3 

2.511 

2.405 
2.308 
2.219 
2.059 
1.921 
1.801 
1.695 
1.600 
1.516 
1.440 

1.280 
1.152 
1.048 
0.9604 
0.8866 
0.8234 

0.7686 
0.7206 
0.6407 
0.5767 

0.4615 
0.3847 
0.3298 

. 0.2886 
0.2566 
0.2309 
0.2099 
0.1925 
0.1650 
0.1444 

0.1283 
0.1155 
0.09626 
0.08251 
0.07220 
0.06418 
0.05776 
0.05251 
0.04814 

0.04443 

0.04126 
0.03851 

149.0 
147.7 
144.3 
139.3 
131.9 
119.9 
116.7 
24.16 
18.65 
17.84 

17.13 
16.50 
15.93 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.478 

0.499 
0.520 
0.542 
0.584 
0.626 
0.668 
0.710 
0.752 
0.794 
0.835 

0.940 
1.04 
1.15 
1.25 
1.36 
1.46 

1.56 
1.67 
1.88 
2.08 

2.60 
3.12 
3.64 
4.16 
4.68 
5.20 
5.72 
6.24 
7.28 
8.32 

'9.35 
10.4 
12.5 
14.5 
16.6 
18.7 
20.8 
22.9 
24.9 

27.0 

29.1 
31.2 

0.504 
0.423 
0.324 
0.2IB 
.0.104 
0.0820 
0.0252 
0.0488 
0.0533 

0.0575 
0.0616 
0.0654 
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Thermodynamic properties of helium 4-Continued 

Isochore, 
derivative 
105Pa/K 

0.0528 

0.0505 
0.0484 
0.0465 
0.0432 
0.0402 
0.0377 
0.0355 
0.0335 
0.0317 
0.0301 

0.0267 
0.0240 
0.0219 
0.0200 
0.0185 
0.0172 

0.0160 
0.0150 
0.0133 
0.0120 

0.00960 
0.00800 
0.00686 
0.00600 
0.00533 
0.00480 
0.00436 
0.00400 
0.00343 
0.00300 

0.00267 
0.00240 
0.00200 
0.00171 
0.00150 
0.00133 
0.00120 
0.00109 
0.00100 

0.000923 

0.000857 
0.000800 

2.67 
3.51 
3.88 
3.93 
3.54 
3.41 
0.565 
0.423 
0.403 

0.385 
0.369 
0.355 

Internal 
energy 
kJ/kg 

71.07 

74.21 
77.35 
80.49 
86.76 
93.02 
99.29 

105.5 
111.8 
118.1 
124.3 

139.9 
155.5 
171.1 
186.7 
202.3 
217.9 

233.5 
249.1 
280.3 
311.5 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 
1558.0 
1869.0 
218l.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 

4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

118.9 

124.1 
129.3 
134.6 
145.0 
155.5 
165.9 
176.3 
186.8 
197.2 
207.6 

233.7 
259.7 
285.7 
311.7 
337.7 
363.7 

389.7 
415.6 
467.6 
519.5 

649.4 
779.3 
909.1 

1039.0 
1169.0 
1299.0 
1428.0 
1558.0 
1818.0 
2078.0 

2337.0 
2597.0 
3116.0 
3635.0 
4155.0 
4674.0 
5193.0 
5713.0 
6232.0 

6751.0 

7271.0 
7790.0 

1.4 x 1<r5 pascal Isobar 

-10.87 
-9.859 
-8.597 
-6.975 
-4.673 
-4.125 

9.083 
1l.57 
12.06 

12.53 
12.98 
13.42 

-9.933 
-8.888 
-7.592 
-5.914 
-3.505 
-2.925 
14.88 
19.08 
19.91 

20.70 
21.47 
22.21 

Entropy 
kJ/kg ·K 

17.81 

18.03 
18.25 
18.45 
18.84 
19.20 
19.54 
19.85 
20.15 
20.43 
20.70 

21.31 
21.86 
22.36 
22.81 
23.23 
23.61 

23.97 
24.30 
24.92 
25.46 

26.62 
27.57 
28.37 
29.06 
29.68 
30.22 
30.72 
31.17 
31.97 
32.66 

33.28 
33.82 
34.77 
35.57 
36.26 
36.88 
37.42 
37.92 
3&.37 

38.78 

39.17 
39.53 

2.044 
2.427 
2.828 
3.275 
3.840 
3.968 
7.846 
8.727 
8.891 

9.045 
9.190 
9.328 

Cl • I C" 

kJ/kg·K 

3.119 

3.119 
3.119 
3.119 
3.119 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 

3.118 
3. lIS 
3.118 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 

3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 

1.853 
1.904 
2.093 
2.262 
2.481 
2.533 
3.373 
3.244 
3.225 

3.210 
3.196 
3.185 

5.243 

5.239 
5.235 
5.232 
5.226 
5.222 
5.218 
5.215 
5.213 
5.211 
5.209 

5.205 
5.203 
5.201 
5.200 
5.198 
5.198 

5.197 
5.196 
5.196 
:;.19:; 

5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 

5.193 
5.193 

2.014 
2.325 
2.932 
3.887 
6.278 
7.310 

13.30 
8.506 
8.094 

7.770 
7.508 
7.291 

Velocity 
of sound 

m/s 

283.4 

289.6 
295.5 
301.4 
312.7 
323.7 
334.3 
344.5 
354.5 
364.1 
373.6 

396.1 
417.4 
437.7 
457.0 
475.6 
493.5 

510.7 
527.4 
559.3 
:;89.4 

658.7 
721.4 
779.1 
832.8 
883.2 
930.9 
976.2 

1020.0 
1101.0 
ll77.0 

1248.0 
1316.0 
1441.0 
1557.0 
1664.0 
1765.0 
1861.0 
1952.0 
203&.0 

2121.0 

2202.0 
2279.0 

234.0 
227.1 
213.1 
193.5 
161.9 
153.8 
99.8 

113.1 
115.7 

118.0 
120.3 
122.4 



Temper-
ature 

K 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 

18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 

150.0 
]75.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 

Density 
kg/m 3 

15.41 
14.94 
14.50 
14.09 
13.72 
13.36 
1l.89 

10.75 
9.843 
9.090 
8.454 
7.909 
7.434 
7.017 
6.317 
5.749 
5.278 

4.881 
4.541 
4.246 
3.088 

3.760 
3.558 
3.376 
3.213 
3.064 
2.929 

2.806 
2.693 
2.588 
2.402 
2.241 
2.100 
1.976 
1.866 
1.768 
1.680 

1.493 
1.344 
1.222 
1.120 
1.034 
0.9603 
0.8964 
0.8404 
0.7472 
0.6726 

0.5383 

.0.4487 
0.3847 
0.3366 
0.2993 
0.2694 
0.2449. 
0.2245 
0.1925 
0.1684 

0.1497 
0.1347 
0.1123 

Isotherm 
derivative 

105m3 • Pa/kg 

0.0692 
0.0728 
0.0762 
0.0796 
0.0829 
0.0862 
0.102 

0.116 
0.129 
0.142 
0.155 
0.167 
0.180 
0.192 
0.215 
0.238 
0.261 

0.283 
0.305 
0.327 
0.31.0 

0.371 
0.392 
0.414 
0.435 
0.457 
0.478 

0.499 
0.521 
0.542 
0.584 
0.626 
0.668 
0.710 
0.752 
0.794 
0.836 

0.941 
1.05 
1.15 
1.25 
1.36 
1.46 
1.57 
1.67 
1.88 
2.09 

2.61 

3.12 
3.64 
4.16 
4.68 
5.20 
5.72 
6.24 
7.28 
8.32 

9.36 
10.4 
12.5 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
I05Pa/K 

0.343 
0.331 
0.321 
0.311 
0.302 
0.294 
0.260 

0.234 
0.213 
0.196 
0.182 
0.170 
0.159 
0.150 
0.135 
0.123 
0.112 

0.104 
0.0963 
0.0900 
0.mH1 

0.0795 
0.0751 
0.0712 
0.0677 
0.0645 
0.0617 

0.0590 
0.0566 
0.0544 
0.0504 
0.0470 
0.0440 
0.0414 
0.0391 
0.0370 
0.0351 

0.0312 
0.0281 
0.0255 

0.0234 
0.0216 
0.0200 
0.0187 
0.0175 
0.0156 
0.0140 

U.Ull:l 

0.00933 
O.OOSOO 
0.00700 
0.00622 
0.00560 
0.00509 
0.00467 
0.00400 
0.00350 

0.00311 
0.002S0 
0.00233 

Internal 
energy 
kJ/kg 

13.84 
14.25 
14.66 
15.06 
15.45 
15.84 
17.70 

19.49 
21.24 
22.95 
24.63 
26.30 
27.95 
29.60 
32.S5 
36.08 
39.29 

42.49 
45.68 
48.86 
52.01-

55.20 
58.37 
61.53 
64.68 
67.83 
70.98 

74.13 
77.27 
S0.41 
86.69 
92.96 
99.23 

105.5 
111.7 
118.0 
124.3 

139.9 
155.5 
171.1 

186.7 
202.3 
217.9 
233.5 
249.1 
280.3 
311.5 

389.4 

467.3 
545.2 
623.1 
701.0 
778.9 
856.S 
934.7 

1091.0 
1246.0 

1402.0 
1558.0 
lS70.0 

Enthalpy 
kJjkg 

22.93 
23.63 
24.32 
24.99 
25.66 
26.31 
29.48 

32.51 
35.46 
38.35 
41.19 
44.00 
46.79 
49.55 
55.01 
60.43 
65.81 

71.17 
76.51 
81.83 
87.11 

92.43 
97.72 

103.0 
108.3 
113.5 
I1B.8 

124.0 
129.3 
134.5 
145.0 
155.4 
165.9 
176.3 
lS6.8 
197.2 
207.6 

233.7 
259.7 . 
2RS.7 

311.7 
337.7 
363.7 
3S9.7 
415.7 
467.6 
519.6 

649.5 

779.3 
909.2 

1039.0 
1169.0 
1299.0 
1428.0 
1558.0 
IS1S.0 
2078.0 

2337.0 
2597.0 
3116.0 

Entropy 
kJ/kg ·K 

9.460 
9.587 
9.709 
9.S27 
9.940 

10.05 
10.56 

11.01 
11.41 
11.79 
12.13 
12.45 
12.75 
13.04 
13.56 
14.03 
14.46 

14.S6 
15.23 
15.57 
15.S9 

16.19 
16.48 
16.75 
17.01 
17.25 
17.49 

17.71 
17.92 
lS.13 
IS.52 
18.88 
19.21 
19.53 
19.83 
20.11 
20.38 

20.99 
21.54 
22_04-

22.49 
22.91 
23.29 
23.65 
23.98 
24.60 
25.14 

26.30 
27.25 
28.05 
2S.74 
29.36 
29.90 
30.40 
30.S5 
31.65 
32.34 

32.96 
33.50 
34.45 

C,. t Cp 

kJ/kg ·K 

3.175 
3.166 
3.159 
3.152 
3.147 
3.142 
3.125 

3.116 
3.112 
3.110 
3.110 
3.110 
3.111 
3.112 
3.113 
3.115 
3.116 

3.117 
3.118 
3.118 
a.119 

3.119 
3.119 
3.119 
3.120 
3.120 
3.120 

3.120 
3.120 
3.119 
3.119 
3.119 
3.119 
3.119 
3.119 
3.119 
3.119 

3.118 
3.118 
3_118 

3.118 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 

7.109 
6.954 
6.820 
6.703 
6.601 
6.510 
6.179 

5.971 
5.830 
5.727 
5.651 
5.591 
5.544 
5.505 
5.449 
5.408 
5.376 

5.351 
5.332 
5.314 
6.aoo 
5.289 
5.279 
5.270 
5.263 
5.257 
5.251 

5.246 
5.242 
5.238 
5.232 
5.227 
5.223 
5.219 
5.216 
5.214 
5.211 

5.207 
5.204 
5.202 

5.201 
5.199 
5.198 
5.198 
5.197 
5.196 
5.195 

5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 

Velocity 
of sound 

mls 

124.4 
126.4 
128.3 
130.1 
131.9 
133.6 
141.7 

148.9 
155.6 
161.9 
167.9 
173.5 
17S.9 
IB4.1 
193.9 
203.2 
212.0 

220.4 
22S.4 
236.1 
243.5 

250.7 
257.7 
264.4 
271.0 
277.4 
283.7 

289.8 
295.8 
301.6 
313.0 
323.9 
334.5 
344.8 
354.7 
364.4 
373.8 

396.3 
417.6 
437.0 

457.3 
475.8 
493.7 
510.9 
527.6 
559.4 
589.6 

658.9 
721.6 
779.2 
832.9 
883.3 
931.0 
976.3 

1020.0 
1101.0 
1177.0 

1249.0 
1316.0 
1442.0 
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980 

Temper-
ature 

K 

700.0 
.800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.163 
2.5 
3.0 
3.5 
4.0 

4.5 
4.747 
4.747 
5.0 

5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 

15.0 
16.0 
17.0 
18.0 

19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 

Density 
kg/m 3 

0.09626 
0.08423 
0.07487 
0.06739 
0.06126 
0.05616 
0.05184 

0.04814 
0.04493 

149.4 
148.1 
144.8 
139.9 
132.8 

121.6 
111.9 
28.63 
23.28 

22.00 

20.92 
20.00 
19.19 
18.48 
17.83 
17.25 
16.7] 
16.22 
15.77 
13.91 

12.52 
11.41 
10.51 
9.757 
9.113 
8.556 
8.067 
7.252 
6.593 
6.048 

5.589 

5.197 
4.858 
4.562 
4.300 

4.068 
3.860 
3.672 
3.502 
3.348 

3.206 
3.077 
2.957 
2.744 
2.560 
2.399 
2.258 

Isotherm 
derivative 

105 m3 • Pa/kg 

14.5 
16.6 
18.7 
20~8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.514 
0.434 
0.336 
U.231 

0.119 
0.0576 
0.0199 
0.0377 

0.0432 

0.0482 
0.0528 
0.0572 
0.0614 
0.0654 
0.0692 
0.0730 
0.0766 
0.0801 
0.0964 

0.111 
0.125 
0.139 
0.152 
0.165 
0.177 
0.189 
0.213 
0.236 
0.259 

0.282 

0.304 
0.326 
0.348 
0.370 

0.392 
0.414 
0.435 
0.457 
0.478 

0.499 
0.521 
0.542 
0.584 
0.627 
0.669 
0.711 
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Thermodynamic properties ~f helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.00200 
0.00175 
0.00156 
0.00140 
0.00127 
0.00117 
0.00108 

0.00100 
0.000933 

2.66 
3.52 
3.91 
3.'n 
3.64 
3.22 
0.677 
0.538 

0.505 

0.477 
0.454 
0.434 
0.416 
0.400 
0.386 
0.373 
0.361 
0.350 
0.306 

0;274 
0.249 
0.228 
0.211 
0.197 
0.184 
0.173 
0.156 
0.141 
0.129 

0.119 

0.111 
0.103 
0.0968 
0.0911 

0.0861 
0.0816 
0.0776 
0.0739 
0.0706 

0.0676 
0.0648 
0.0622 
0.0577 
0.0538 
0.0504 
0.0474 

Internal 
energy 
kJ/kg 

2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

3636.0 
4155.0 
4674.0 
5193.0 
5713.0 
6232.0 
6751.0 

7271.0 
7790.0 

1.6 X 10+5 pascal Isobar 

-10.89 
-9.885 
-8.640 
-"I.U51 

-4.845 
-3.196 

8.729 
10.63 

11.22 

11.76 
12.27 
12.75 
13.22 
13.67 
14.10 
14.53 
14.94 
15.35 
17.29 

19.14 
20.92 
22.66 
24.37 
26.05 
27.72 
29.38 
32.65 
35.90 
39.12 

42.33 

45.53 
48.73 
51.91 
55.09 

58.26 
61.42 
64.58 
67.74 
70.89 

74.04 
77.19 
80.33 
86.62 
92.89 
99.17 

105.4 

-9.816 
-8.780 
-7.497 
-5.H46 

-3.529 
-1.766 
14.32 
17.51 

18.49 

19.41 
20.27 
21.09 
21.88 
22.64 
23.38 
24.10 
24.80 
25.49 
28.80 

31.92 
34.94 
37.88 
40.76 
43.61 
46.42 
49.21 
54.72 
60.17 
65.58 

70.96 

76.32 
81.66 
86.98 
92.29 

97.59 
102.9 
108.2 
113.4 
118.7 

123.9 
129.2 
134.4 
144.9 
155.4 
165.8 
176.3 

Entropy 
kJ/kg ·K 

35.25 
35.94 
36.56 
37.10 
37.60 
38.05 
38.46 

38.85 
39.21 

2.037 
2.417 
2.814 
3.Z54 

3.798 
4.178 
7.563 
8.219 

8.415 

. 8.593 
8.757 
8.910 
9.055 
9.192 
9.323 
9.448 
9.568 
9.684 

10.21 

10.68 
11.09 
11.47 
11.82 
12.15 
12.45 
12.74 
13.26 
13.74 
14.17 

14.57 

14.94 
15.28 
15.61 
15.91 

16.20 
16.47 
16.73 
16.97 
17.20 

17.43 
17.64 
17.85 
18.24 
18.60 
18.94 
19.25 

Cl • L Cp 

kJ/kg ·K 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.842 
1.901 
2.089 
2.255 

2.467 
2.623 
3.382 
3.285 

3.260 

3.239 
3.221 
3.206 
3.193 
3.182 
3.173 
3.164 
3.157 
3.151 
3.129 

3.118 
3.113 
3.110 
3.110 
3.110 
3.110 
3.111 
3.113 
3.114 
3.116 

3.117 

3.118 
3.ll9 
3.119 
3.120 

3.120 
3.120 
3.120 
3.120 
3.120 

3.120 
3.120 
3.120 
3.120 
3.120 
3.120 
3.119 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.999 
2.311 
2.903 
3.HUO 

5.858 
9.460 

16.72 
10.36 

9.479 

8.857 
8.391 
8.027 
7.735 
7.495 
7.293 
7.122 
6.975 
6.847 
6.397 

6.127 
5.948 
5.822 
5.728 
5.656 
5.600 
5.554 
5.488 
5.440 
5.403 

5.375 

5.352 
5.332 
5.316 
5.303 

5.291 
5.281 
5.273 
5.266 
5.260 

5.254 
5.249 
5.245 
5.237 
5.232 
5.227 
5.223 

Velocity 
of sound 

m/s 

1557.0 
1664.0 
1765.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

236.2 
229.5 
216.0 
19/.3 

167.8 
144.1 
99.17 

109.0 

112.0 

114.8 
117.3 
119.7 
122.0 
124.1 
126.2 
128.1 
130.0 
131.9 
140.4 

147.9 
154.8 
161.3 
167.3 
173.1 
178.6 
183.8 
193.8 
203.1 
212.0 

220.4 

228.5 
236.2 
243.7 
250.9 

257.8 
264.6 
271.2 
277.6 
283.9 

290.0 
296.0 
301.8 
313.2 
324.2 
334.8 
345.0 



Temper-
ature 

K 

36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 

500.0 
600.0 
700.0 
BOO.O 

900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.161 

2.5 
3.0 
3.5 
4.0 
4.5 
4.894 
4.894 
5.0 

5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 

Density 
kg/rn 3 

2.132 
:l.020 

1.919 

1. 705 
1.535 
1.396 
1.280 
1.181 
1.097, 
1.024 
0.9602 
0.8537 
O.76S5 

0.6150 
0.5127 
0.4395 
0.3847 
0.3420 
0.3078 
0.2799 
0.2566 
0.2199 
0.1925 

0.1711 

0.1540 
0.1283 
0.1100 
0.09626 

0.08557 
0.0770] 
0.07001 
0.06418 
0.05924 

0.05501 
0.05135 

149.8 

148.5 
145.3 
140.5 
133.7 
123.1 
106.3 
34.01 
29.80 

27.38 

25.59 
24.17 
22.98 
21.97 
21.09 
20.30 
19.60 
18.96 
18.37 
16.04 

14.35 

Isotherm 
derivative 

105 m3 ·Pa/kg 

0.753 
0.795 

0.837 

0.942 
1.05 
1.15 
1.25 
1.36 
1.46 
1.57 
1.67 
1.88 
2.09 

2.61 
3.13 
3.65 
4.16 
4.68 
5.20 
5.72 
6.24 
7.28 
8.32 

9.36 

10.4 
12.5 
14.5 
16.6 

18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.525 
0.445 
0.347 
0.243 
0.133 
0.0365 
0.0141 
0.0212 

0.0314 

0.0377 
0.0432 
0.0484 
0.0531 
0.0576 
0.0619 
0.0660 
0.0699 
0.0737 
0.0912 

0.107. 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105.Pa/K 

0.0447 
0.0423 

0.0402 

0.0357 
0.0321 
0.0291 
0.0267 
0.0246 
0.0229 
0.0214 
0.0200 
0.0178 
0.0160 

0.0128 
0.0107 
0.00914 
0.00800 
0.00711 
0.00640 
0.00582 
0.00533 
0.00457 
0.00400 

0.00356 

0.00320 
0.00267 
0.00229 
0.00200 

0.00178 
0.00160 
0.00145 
0.00133 
0.00123 

0.00114 
0.00107 

2.66 
3.53 
3.93 
4.02 
3.72 
3.00 
0.814 
0.703 

0.640 

0.594 
0.557 
0.527 
0.501 
0.479 
0.460 
0.442 
0:426 
0.412 
0.356 

0.316 

Internal 
energy 
kJ/kg 

111.7 
118.U 

124.2 

139.8 
155.5 
171.1 
186.7 
202.3 
217.9 
233.5 
249.1 
280.3 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 

1558.0 
1870.0 
2181.0 
!2193.0 

2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 

kJ/kg 

186.7 
19/.2 

207.6 

233.7 
259.7 
285.7 
311.7 
337.7 
363.7 
389.7 
415.7 
467.7 
519.7 

649.5 
779.4 
909.2 

1039.0 
1169.0 
1299.0 
1429.0 
1558.0 
1818.0 
2078.0 

2337.0 

2597.0 
3116.0 
3636.0 
1155.0 

4674.0 
5193.0 
5713.0 
6232.0 
6751.0 

7271.0 
7790.0 

1.8 X l(}l-5 pascal Isobar 

-10.90 
.!..9.9Il 

-8.682 
-7.122 
-4.996 
-2.182 

8.190 
9.350 

10.15 

10.83 
11.44 
12.00 
12.52 
13.02 
13.49 
13.95 
14.39 
14.83 
16.86 

18.77 

-9.698 
-8.672 
-7.400 
-5.775 
-3.533 
-0.4899 
13.48 
IS.39 

16.73 

17.86 
18.89 
19.83 
20.71 
21.55 
22.36 
23.14 
23.89 
24.62 
28.08 

31.31 

Entropy 
kJ/kg ·K 

19.55 
19.83 

20.10 

20.71 
21.26 
21.76 
22.21 
22.63 
23.01 

23.37 
23.71 
24.32 
24.S7 

26.03 
26.97 
27.77 
28.47 
29.08 
29.63 
30.12 
30.57 
31.37 
32.07 

32.60 

33.23 
34.17 
34.97 
35.67 

36.28 
36.82 
37.32 
37:77 
38.19 

38.57 
38.93 

2.030 
2.407 
2.801 
3.235 
3.761 
4.405 
7.257 
7.613 

7.908 

8.129 
8.323 
8.499 
8.662 
8.813 
8.956 
9.091 
9.220 
9.344 
9.898 

10.38 

CI • I Cp 

kJ/kg ·K 

3.119 
3.119 

3.119 

3.119 
3.118 
3.118 
3.118 
3.118 
3.118 

3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.832 
1.899 
2.085 
2.250 
2.454 
2.721 
3.387 
3.336 

3.30] 

3.273 
.3.250 
3.230 
3.214 
3.200 
3.188 
3.177 
3.169 
3.161 
3.134 

3.121 

5.219 
5.217 

5.214 

5.209 
5.206 
5.204 
5.202 
5.200 
5.199 

5.198 
5.198 
5.196 
5.196 

5.J95 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 

5.193 
5.]93 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.985 
2.297 
2.875 
3.735 
5.539 

13.40 
23.25 
11.97 

12.18 

10.71 
9.768 
9.104 
8.607 
8.220 
7.909 
7.653 
7.439 
7.257 
6.646 

6.298 

Velocity 
of sound 

m/s 

355.0 
3b4.o 

374.0 

396.6 
417.9 
438.1 
457.5 
476.0 
493.9 
51l.1 
527.8 
559.6 
589.7 

659.0 
721.7 
779.3 
833.0 
883.4 
931.1 
976.4 

1020.0 
1101.0 
1177.0 

1249.0 

1316.0 
1442.0 
1557.0 
1661.0 

1765.0 
1661.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

238.4 
231.9 
218.8 
200.9 
173.3 
134.1 
98.40 

103.8 

107.7 

111.0 
114.0 
116.7 
119.3 
121.7 
123.9 
126.1 
128.1 
130.1 
139.0 

146.9 
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Temper-
ature 

K 

7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 

60.0 
65.0 
70.0 
75.0 

80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 

600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 

Density 
kg/m 3 

13.03 
11.97 
11.09 
10.34 
9.693 
9.130 
8.195 
7.442 
6.822 

6.301 
5.856 
5.472 
5.136 
4.841 
4.578 
4.343 
4.132 
3.940 
3.766 

3.607 
3.461 
3.326 
3.086 
2.879 
2.698 
2.539 
2.398 
2.271 
2.157 

1.918 
1.726 
1.569 

1.439 
1.328 
1.234 
1.152 

1.080 
0.9601 
0.8643 

0.6918 
0.5767 
0.4944 
0.4327 
0.3847 
0.3463 
0.3148 
0.2886 
0.2474 
0.2165 

0.1925 
0.1732 

0.1444 
0.1238 
0.1083 
0.09626 

0.08664 
0.07876 
0.07220 
O,OMt;!=i 

0.06189 

Isotherm 
derivative 

105 m3'Pa/kg 

0.122 
0.136 
0.149 
0.162 
0.175 
0.187 
0.211 
0.235 
0.258 

0.281 
0.303 
0.326 
0.348 
0.370 
0.392 
0.413 
0.435 
0.457 
0.478 

0.500 
0.521 
0.542 
0.585 
0.627 
0.669 
0.712 
0.754 
0.796 
0.838 

0.942 
1.05 
1.15 

1.26 
1.36 
1.46 
1.57 

1.67 
1.88 
2.09 

2.61 
3.13 
3.65 
4.17 
4.68 
5.20 
5.72 
6.24 
7.28 
8.32 

9.36 
lOA 

12.5 
14.5 
16.6 
lS.7 

20.8 
22.9 
24.9 
no 

29.1 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.286 
0.261 
0.241 
0.224 
0.210 
0.197 
0.176 
0.160 
0.146 

0.135 
0.125 
0.117 
0.109 
0.103 
0.0971 
0.0920 
0.0875 
0.0833 
0.0796 

0.0761 
0.0730 
0.0701 
0.0650 
0.0606 
0.0567 
0.0533 
0.0503 
0.0476 
0.0452 

0.0401 
0.0361 
0.0328 

0.0301 
0.0277 
0.0257 
0.0240 

0.0225 
0.0200 
0.0180 

0.0144 
0.0120 
0.0103 
0.00900 
0.00800 
0.00720 
0.00654 
0.00600 
0.00514 
0.00450 

0.00400 
0.00360 

0.00300 
0.00257 
0.00225 
0.00200 

0.00180 
0.00164 
0.00150 
0001.~R 

0.00129 

Internal 
energy 
kJ/kg 

20.59 
22.36 
24.09 
25.80 
27.49 
29.16 
32.45 
35.72 
38.96 

42.18 
45.39 
48.59 
51.78 
54.97 
5S.15 
61.32 
64.48 
67.64 
70.80 

73.96 
77.11 
SO.26 . 
86.55 
92.S3 
99.11 

105.4 
II 1.6 
117.9 
124.2 

139.8 
155.4 
171.1 

186.7 
202.3 
217.9 
233.5 

249.1 
2S0.3 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 
77S.9 
856.8 
934.7 

1091.0 
1246.0 

1402.0 
1559.0 

1870.0 
2181.0 
2493.0 
2S04.0 

3116.0 
3427.0 
3739.0 
4051.0 

4362.0 

Enthalpy 
kJ/kg 

34.40 
37.40 
40.33 
43.21 

. 46.06 

48.87 
54.42 
59.90 
65.34 

.70.75 
76.13 
81.49 
86.83 
92.15 
97.46 

102.8 
108.0 
113.3 
11S.6 

123.9 
129.1 
134.4 
144.9 
155.3 
165.8 
176.3 
186.7 
197.2 
207.6 

233.7 
259.7 
285.7 

311.8 
337.S 
363.S 
309.0 

415.8 
467.7 
519.7 

649.6 
779.4 
909.3 

1039.0 
1169.0 
1299.0 
1429.0 
1558.0 
1818.0 
2078.0 

2337.0 
2597.0 

3116.0 
3636.0 
4155.0 
4674.0 

5194.0 
5713.0 
6232.0 
6751.0 

7271.0 

Entropy 
kJ/kg ·K 

10.80 
11.19 
11.55 
11.87 
12.1S 
12.47 
13.00 
13.48 
13.91 

14.31 
14.68 
15.03 
15.35 
15.66 
15.95 
16.22 
16.48 
16.72 
16.96 

17.18 
17.39 
17.60 
17.99 
lS.35 
18.69 
19.01 
19.30 
19.59 
19.85 

20.47 
21.02 
21.51 

21.97 
22.38 
22.77 
23.13 

23.46 
24.07 
24.62 

25.78 
26.73 
27.53 
28.22 
28.83 
29.38 
29.88 
30.33 
31.13 
31.82 

32.43 
32.90 

33.93 
34.73 
35.42 
36.03 

36.58 
37.08 
37.53 
37.94 

38.33 

Ct. I Cp 

kJ/kg ·K 

3.114 
3.111 
3.109 
3.109 
3.110 
3.111 
3.112 
3.114 
3.116 

3.117 
3.118 
3.119 
3.120 
3.120 
3.120 
3.120 
3.121 
3.121 
3.121 

3.121 
3.121 
3.120 
3.120 
3.120 
3.120 
3.120 
3;120 
3.119 
3.1I9 

3.119 
3.119 
3.118 

3.118 
3.11S 
3.118 
3.110 

3.118 
3.1I7 
3.117 

3.117 
3.117 
3.117 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 . 

3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

. 3.116 

3.116 
3.116 
3.116 

3.116 

6.075 
5.921 
5.809 
5.724 
5.657 
5.604 
5.527 
5.473, 
5.431 

5.399 
5.373 
5.350 
5.332 
5.316 
5.304 
5.293 
5.283 
5.275 
5.268 

5.262 
5.256 
5.251 
5.243 
5.236 
5.231 
5.226 
5.223 
5.219 
5.217 

5.211 
5.208 
5.205 

5.203 
5.201 
5.200 
5.199 

5.198 
5.197 
5.196 

5.195 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
S.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 

Velocity 
of sound 

m/s 

154.0 
160.6 
166.8 
172.7 
178.2 
lS3.5 
193.6 
203.1 
212.0 

220.4 
22S.6 
236.3 
243.S 
251.0 
258.0 
264.8 
271.4 
277.8 
284.1 

290.2 
296.2 
302.1 
313.5 
324.4 
335.0 
345.3 
355.2 
364.9 
374.3 

396.8 
418.1 
438.4 

457.7 
476.2 
494.1 
511.3 

528.0 
559.8 
589.9 

659.2 
721.8 
779.5 
833.1 
883.5 
931.2 
976.5 

1020.0 
1101.0 
1177.0 

1249.0 
1316.0 

1442.0 
1557.0 
1664.0 
1765.0 

1861.0 
1952.0 
2038.0 
2122.0 

2202.0 



Temper-
Density 

ature 
kg/rn 3 

K 

1500.0 0.05776 

2.159 150.2 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.030 
5.030 

5.1 

5.2 
5.3 
5.4 
5.5 
5.6 
!l.7 

5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 

15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 

148.9 
145.7 
141.1 
134.5 
124.4 
102.5 
99.28 
41.18 

35.83 

31.98 
29.47 
27.59 
26.09 
24.83 
2:\.75 

22.81 
21.97 
21.21 
18.30 

16.26 
14.70 
13.46 
12.44 
11.58 
10.85 
10.21 
9.147 
8.297 
7.600 

7.015 

6.516 
6.087 
5.712 
5.382 
5.089 
4.827 
4.591 
4.378 
4.184 

4.007 
3.844 
3.695 
3.428 
3.198 
2.997 
2.820 
2.663 
2.522 
2.396 

2.130 
1.917 
1. 743 
1.598 
1.475 

Isotherm 
derivative 

105m3 • Pa/kg 

31.2 

0.535 
0.455 
0.359 
0.255 
0.147 
0.0272-
0.0187 
0.00794 

0.0167 

0.0254 
0.0325 
0.0386 
0.0442 
0.0493 
0.0541 
0.0587 
0.0630 
0.0671 
0.0858 

0.102 
0.118 
0.132 
0.146 
0.159 
0.172 
0.185 
0.209 
0.233 
0.256 

0.280 

0.302 
0.325 
0.347 
0.369 
0.391 
0.413 
0.435 
0.457 
0.478 

0.500 
0.521 
0.543 
0.585 
0.628 
0.670 
0.712 
0.754 
0.796 
0.839 

0.943 
1.05 
1.15 
1.26 
1.36 
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Isochore 
derivative 
I05Pa/K 

0.00120 

2.65 
3.54 
3.96 
4.06 
3.79 
2.86 
2.73 
1.00 

0.859 

0.757 
0.692 
0.643 
0.604 
0.572 
0.545 
0.521 
0.500 
0.481 
0.410 

0.361 
0.324 
0.295 
0.272 
0.252 
0.236 
0.221 
0.198 
0.179 
0.163 

0.150 

0.140 
0.130 
0.122 
0.115 
0.108 
0.103 
0.0974 
0.0928 
0.0886 

0.0847 
0.0812 
0.0780 
0.0723 
0.0674 
0.0631 
0.0593 
0.0559 
0.0529 
0.0503 

0.0446 
0.0401 
0.0365 
0.0334 
0.0308 

Internal 
Enthalpy 

energy 
kJ/kg 

kJ/kg 

4674.0 7790.0 

2.0 x 10+5 pascal· Isobar 

-10.92 
-9.935 
-8.721 
-7.188 
-5.130 
-1.448 
-0.9850 

7.333 

8.542 

9.597 
10.41 
11.09 
11. 71 
12.28 
12.Rl 
13.32 
13.80 
14.26 
16.42 

18.39 
20.26 
22.06 
23.82 
25.55 
27.25 
28.94 
32.25 
35.54 
38.79 

42.02 

45.24 
48.46 
51.66 
54.85 
58.03 
61.21 
64.38 
67.55 
70.71 

73.87 
77.03 
80.18 
86.48 
92.76 
99.05 

105.3 
111.6 
117.9 
124.1 

139.8 
155.4 
171.0 
186.6 
202.3 

-9.581 
-8.563 
-7.303 
-5.701 
-3.523 

0.5028 
1.030 

12.19 

14.12 

15.85 
17.19 
18.34 
19.38 
20.33 
21.2:\ 
22.08 
22.90 
23.69 
27.34 

30.69 
33.86 
36.92 
39.89 
42.81 
45.69 
48.53 
54.12 
59.64 
65.11 

70.54 

75.94 
81.32 
86.67 
92.0'1 
97.34 

102.6 
107.9 
113.2 
118.5 

123.8 
129.1 
134.3 
144.8 
155.3 
165.8 
176.2 
186.7 
197.2 
207.6 

233.7 
259.7 
285.8 
311.8 
337.8 

Entropy 
kJ/kg ·K 

38.69 

2.023 
2.398 
2.788 
3.216 
3.727 
4.567 
4.672 
6.889 

7.271 

7.607 
7.862 
8.077 
8.267 
8.439 
R.598 
8.747 
8.887 
9.019 
9.604 

10.10 
10.54 
10.93 
11.29 
11.63 
11.94 
12.23 
12.76 
13.24 
13.68 

14.08 

14.46 
14.80 
15.13 
15.43 
15.72 
15.99 
16.25 
16.50 
16.73 

16.96 
17.17 
17.38 
17.77 
18.13 
18.47 
18.79 
19.08 
19.37 
19.63 

20.25 
20.80 
21.29 
21.75 
22.16 

C" 
-, Cp 

kj/kg ·K 

3.116 

1.822 
1.896 
2.082 
2.244 
2.443 
2.791 
2.836 
3.383 

3.350 

3.312 
3.282 
3.257 
3.237 
3.219 
3.205 
3.192 
3.181 
3.172 
3.140 

3.123 
3.115 
3.111 
3.109 
3.109 
3.109 
3.110 
3.112 
3.114 
3.116 

3.117 

3.118 
3.119 
3.120 
3.120 
3.121-
3.121 
3.121 
3.121 
3.121 

3.121 
3.121 
3.121 
3.121 
3.121 
3.120 
3.120 
3.120 
3.120 
3.120 

3.119 
3.119 
3.119 
3.118 
3.118 

5.193 

1.970 
2.284 
2.849 
3.671 
5.287 

17.10 
23.19 
40.67 

20.92 

14.79 
12.28 
10.85 
9.912 
9.244 
It 740 
8.346 
8.028 
7.766 
6.933 

6.488 
6.213 
6.027 
5.894 
5.794 
5.717 
5.655 
5.568 
5.506 
5.459 

5.422 

5.393 
5.368 
5.348 
5.330 
5.316 
5.304 
5.293 
5.284 
5.276 

5.269 
5.263 
5.258 
5.249 
5.241 
5.235 
5.230 
5.226 
5.222 
5.219 

5.213 
5.209 
5.206 
5.204 
5~202 

Velocity 
of sound 

rn/s 

2279.0 

240.6 
234.2 
221.5 
204.4 
178.3 
129.0 
123.5 

97.71 

102.0 

106.5 
110.2 
113.4 
116.3 
119.0 
121.5 
123.8 
126.1 
128.2 
137.7 

145.9 
153.2 
160.0 
166.3 
172.2 
177.9 
183.3 
193.5 
203.0 
212.0 

220.5 

228.6 
236.4 
243.9 
251.2 
258.2 
265.0 
271.6 
278.0 
284.3 

290.4 
296.4 
302.3 
313.7 
324~7 

335.2 
345.5 
355.4 
365.1 
374.5 

397.0 
418.3 
438.6 
457.9 
476.5 
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Temper· 
ature 

K 

70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
550.0 

400.0 

450.0 
500.0 

600.0 
700.0 
800.0 
QOOO 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.158 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.094 
5.094 
5.1 

5.2 
5.3 
5.4 

5.5 
5.6 
5.7 
5.S 

5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 

Density 
kg/m 3 

1.370 
1.279 
1.199 
1.066 
0.9601 

0.7684 
0.6406 
0.5493 
0.4807 
0.4274 
0.3847 
0.3497 
0.3206 
0.2749 

0.2405 

0.2138 
0.1025 

0.1604 
0.1375 
0.1203 
0.1070 

0.09626 
0.08751 
0.08022 
0.07405 

0.06876 
0.06418 

150.4 
149.1 
146.0 
141.4 
134.8 
125.1 
105.0 
94.58 
46.24 
45.05 

36.59 
32.87 
30.37 

28.48 
26.95 
25.67 
21.57 

23.60 
22.74 
19.49 

17.25 
15.56 
14.22 
13.13 
12.21 
11.43 
10.75 
9.626 
8.727 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.47 
1.57 
1.67 
1.88 
2.09 

2.61 
3.13 
3.65 
4.17 
4.69 
5.21 
5.72 
6.24 
7.28 

8.32 

9.36 
10.1 

12.5 
14.6 
16.6 
18.7 

20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.540 
0.461 
0.364 
0.261 
0.154 
0.0368 
0.0111 
0.00478 
0.00594 

0.0182 
0.0265 
0.0334 

0.0395 
0.0450 
0.0501 
0.051.9 

0.0594 
0.0637 
0.0831 

0.100 
0.116 
0.130 
0.144 
0.158 
0.171 
0.184 
0.208 
0.232 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.0286 
0.0267 
0.0250 
0.0222 
0.0200 

0.0160 
0.0133 
0.0114 
0.0100 
0.00889 
0.00800 
0.00727 
0.00667 
0.00571 

0.00500 

0.00444 
0.00100 

0.00333 
0.00286 
0.00250 
0.00222 

0.00200 
0.00182 
0.00167 
0.00154 

0.00143 
0.00133 

2.65 
3.54 
3.97 
4.08 
3.83 
2.97 
2.56 
1.13 
1.10 

0.877 
0.780 
0.714 

0.665 
0.625 
0.593 
0.561 

0.540 
0.51B 
0.438 

0.384 
0.344 
0.313 
0.288 
0.267 
0.249 
0.234 
0.208 
0.188 

Internal 
energy 
kJ/kg 

217.9 
233.5 
249.1 
2BO.2 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.8 
934.7 

1091.0 

1246.0 

1402.0 
15513.0 

1870.0 
2181.0 
2493.0 
2804.0 

3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

363.8 
389.8 
415.8 
467.B 

519.8 

649.6 
779.5 
909.3 

1039.0 
1169.0 
1299.0 

·1429.0 
1559.0 
HHH.U 

2078.0 

2337.0 
2597.0 

3116.0 
3636.0 
4155.0 
4674.0 

5194.0 
5713.0 
6232.0 
6751.0 

7271.0 
7790.0 

2.1 X 10+:1 pascal Isobar 

-10.92 
-9.947 
-8.740 
-7.220 
-5.193 
-1.742 
-0.2348 

6.664 
0.88Y 

8.736 
9.759 

10.56 

11.25 
11.87 
12.44 
12.07 

13.48 
13.96 
16.18 

18.19 
20.08 
21.91 
23.68 
25.42 
27.13 
28.83 
32.16 
35.44 

-9.522 
-8.508 
-7.254 
-5.662 
-3.514 

0.2566 
1.985 

11.21 
11.55 

14.48 
16.15 
17.47 

18.62 
19.66 
20.62 
21.52 

22.38 
23.20 
26.96 

30.37 
33.58 
36.67 
39.67 
42.61 
45.51 
48.36 
53.97 
59.51 

Entropy 
kJ/kg ·K 

22.55 
22.91 
23.24 
23.86 
24.40 

25.56 
26.51 
27.31 
28.00 
2B.62 
29.16 
29.66 
30.11 
3U.Yl 

31.60 

32.21 
32.76 

33.71 
34.51 
35.20 
35.81 

36.36 
36.B6 
37.31 
37.72 

3a.ll 
38.47 

2.020 
2.393 
2.782 
3.207 
3.711 
4.498 
4.840 
6.649 
6.717 

7.286 
7.604 
7.052 

8.063 
8.250 
8.419 
13.576 

8.723 
8.861 
9.463 

9.97 
10.41 
10.81 
11.18 
11.51 
11.82 
12.12 
12.65 
13.13 

Cr. I Cp 

kJ/kg ·K 

3.liB 

3.11B 
3.IlB 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 
3.116 
3.11f> 
3.116 

3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.817 
1.894 
2.080 
2.241 
2.437 
2.763 
2.908 
3.373 
3.371 

3.332 
3.299 
3.271 

3.249 
3.230 
3.213 
3.200 

3.188 
3.177 
3.142 

3.124 
3.115 
3.1 II 
3.109 
3.109 
3.109 
3.110 
3.112 
3.114 

5.201 
5.200 
5.199 
5.197 
5.196 

5.195 
5.194 
5.194 
5.194 
5.193 
5.193. 
5.193 
5.193 
5.1Y3 

5.193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.963 
2.277 
2.837 
3.641 
5.180 

13.63 
36.54 
67.20 
54.62 

19.77 
14.55 
12.21 

10.B5 
9.934 
9.277 
8.77S 

8.386 
8.069 
7.093 

6.591 
6.286 
6.083 
5.938 
5.830 
5.747 
5.681 
5.588 
5.522 

Velocity 
of sound 

m/s 

494.3 
511.5 
528.2 
560.0 
590.1 

659.3 
722.0 
779.6 
833.2 
BB3.6 

931.3 
976.6 

1020.0 
HU2.U 

1177.0 

1249.0 
1316.0 

1442.0 
1557.0 
1665.0 
1765.0 

1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

241.6 
235.3 
222.9 
206.1 
180.7 
134.8 
117.8 
97.60 
l}~tOH 

103.9 
108.1 
111.6 

114.8 
117.6 
120.3 
122.7 

125.0 
127.2 
137.0 

145.3 
152.8 
159.7 
166.0 
liZ.O 
177.7 
183.2 
193.4 
202.9 



Temper-
ature 

K 

13.0 

14.0 
15.0 
16.0 
170 

18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 

250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

JUUU.U 

1100.0 
]200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/m3 

7.990 

7.373 
6.847 
6.395 
11000 

5.653 
5.345 
5.069 
4.821 
4.597 
4.393 

4.207 
4.036 
3.879 
3.599 
3.357 
3.146 
2.960 
2.795 
2.648 
2.SUi 

2.236 
2.012 
1.830 
1.678 
1.549 
1.439 
1.343 
1.259 
1.120 
1.008 

0.8068 
0.6726 
0.5767 
0.5047 
0.4487 

0.4039 
0.3672 
0.3366 
0.2886 
0.2526 

0.2245 
0.2021 
0.1684 
0.1444 
0.1263 
0.1123 
O.lUll 

0.09189 
0.08423 
0.07775 

0.07220 
0.06739 

2.157 150.5 
2.5 
3.0 

149.3 
146.2 

Isotherm 
derivative 

105 rn3 • P a/kg 

0.256 

0.279 
0.302 
0.325 
Q.347 
0.369 
0.391 
0.413 
0.435 
0.457 
0.478 

0.500 
0.521 
0.543 
0.585 
0.628 
0.670 
0.713 
0.755 
0.797 
0.039 

0.944 
1.05 
1.15 
1.26 
1.36 
1.47 
1.57 
1.67 
1.88 
2.09 

. 2.61 

3.13 
3.65 
4.17 
4.69 

5.21 
5.73 
6.24 
7.28 
8.32 

9.36 
10.4 
12.5 
14.6 
16.6 
18.7 
20.H 

22.9 
24.9 
27.0 

29.1 
31.2 

0.545 
0.466 
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Thermodynamic pr~perties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.172 

0.158 
0.147 
0.137 
0.128 
0.121 
0.1l4 
0.108 
0.102 
0.0975 
0.0931 

0.0891 
0.0854 
0.0820 
0.0760 
0.0708 
0.0662 
0.0623 
0.0588 
0.0556 
0.0520 

0.0469 
0.0421 
0.0383 
0.0351 
0.0324 
0.0300 
0.0280 
0.0263 
0.0233 
0.0210 

0.0168 
0.0140 
0.0120 
0.0105 
0.00933 

0.00840 
0.00764 
0.00700 
0.00600 
0.00525 

0.00467 
0.00420 
0.00350 
0.00300 
0.00262 
0.00233 
0.00210 

0.00191 
0.00175 
0.00162 

0.00150 
0.00140 

2.65 
3.54 

Internal 
energy 
kJ/kg 

38.71 

41.95 
45.17 
48.39 
51.60 
54.79 
57.98 
61.16 
64.33 
67.50 
70.67 

73.83 
76.99 
80.14 
86.44 
92.73 
99.02 

105.3 
111.6 
117.8 
124.1 

139.8 
155.4 
171.0 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 

778.9 
856.8 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
3427.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

64.99 

70.43 
75.84 
81.23 
86.60 
91.94 
97.27 

102.6 
107.9 
113.2 
118.5 

123.7 
129.0 
134.3 
144.8 
155.3 
165.8 
176.2 
186.7 
197.1 
207.6 

233.7 
259.7 
285.8 
311.8 
337.8 
363.8 
389.8 
415.8 
467.8 
519.8 

649.7 
779.5 
909.4 

1039.0 
1169.0 

1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2337.0 
2597.0 
3116.0 
3636.0 
4155.0 
4674.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

2.2 X 10+" pascal Isobar 

-10.93 -9.463 
-9.95 -8.453 

Entropy 
kJ/kg ·K 

13.57 

13.98 
14.35 
14.70 
15.02 
15.33 
15.62 
15.89 
16.15 
16.39 
16.63 

16.85 
17.07 
17.28 
17.67 
18.03 
18.37 
18.68 
18.98 
19.26 
19 .. 53 

20.15 
20.70 
21.19 
21.65 
22.06 
22.45 
22.81 
23.14 

. 23.75 
24.30 

25.46 
26.41 
27.21 
27.90 
28.51 

29.06 
29.56 
30.01 
30.81 
31.50 

32.11 
32.66 
33.61 
34.41 
35.10 
35.71 
36.26 
36.75 
37.21 
37.62 

38.01 
38.37 

2.016 
2.389 

C,. 1 Cp 

kJ/kg ·K 

3.116 

3.117 
3.119 
3.119 
3.120 
3.121 
3.121 
3.121 
3.121 
3.121' 
3.121 

3.121 
3.121 
3.121 
3.121 
3.121 
3.121 
3.120 
3.120 
3.120 
3.120 

3.119 
3.119 
3.119 
3.119 
3.118 
3.Il8 
3.118 
3.118 
3.118 
3.117 

3.117 
3.117 
3.1I7 
3.117 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.812 
1.893 

5.473 

5.434 
5.404 
5.377 
5.355 
5.337 
5.322 
5.309 
5.298 
5.289 
5.280 

5.273 
5.267 
5.261 
5.251 
5.244 
5.237 
5.232 
5.228 
5.224 
5.221 

5.214 
5.210 
5.207 
5.204 
5.203 
5.201 
5.200 
5.199 
5.197 
5.196 

5.195 
5.194 
5.194 
5.194 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.]93 

1.956 
2.271 

Velocity 
of sound 

mls 

212.0 

220.5 
228.7 
236.5 
244.0 
25l.3 
258.3 
265.1 
27l.7 
278.1 
284.4 

290.6 
296.6 
302.4 
313.8 
324.8 
335.4 
345.6 
355.6 
36!i.2 
374.6 

397.2 
418.4 
438.7 
458.0 
476.6 
494.4 
511.6 
528.3 
560.1 
590.2 

659.4 
722.0 
779.7 
B33.3 
083.7 

931.3 
976.7 

1020.0 
1102.0 
1177.0 

1249.0 
1316.0 
1442.0 
1557.0 
1665.0 
1765.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

242.7 
236.5 
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Temper-
ature 

K 

3.5 
4.0 
4.5 
5.0 
5.1 
5.156 
5.156 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 

9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 

28.0 
30.0 
32.0 
34.0 

36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

Density 
kg/rna 

141.6 
135.2 
125.7 
107.0 
98.42 
87.88 
54.03 

43.94 
37.19 
33.65 
31.18 
29.29 
27.75 
26.46 
25.34 
24.35 
20.71 

18.26 
16.43 
15.00 
13.83 

12.85 
12.02 
11.30 
lO.ll 
9.158 
8.381 

7.731 
7.179 
6.703 
6.288 
5.924 
5.600 
5.311 
5.051 
4.816 
4.602 

4.407 
4.228 
4.063 

3.770 
3.516 
3.295 
3.101 

2.928 
2.773 
2.635 

2.342 
2.108 
1.917 
1.757 
1.622 
1.507 
1.407 
1.319 
1.173 
1.056 

0.8451 
0.7045 
0.6041 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.370 
0.267 
0.160 
0.0458 
0.0208 
0.00446 
0.00171 

0.00958 
0.0200 
0.0278 
0.0345 
0.0405 
0.0460 
0.0510 
0.0558 
0.0603 
0.0804 

0.0979 
0.114 
0.129 
0.143 

0.156 
0.170 
0.183 
0.207 
0.231 
0.255 

0.278 
0.301 
0.324 
0.347 
0.369 
0.391 
0.413 
0.435 
0.457 
0.478 

0.500 
0.521 
0.543 

0.586 
0.628 
0.671 
0.713 

0.755 
0.797 
0.839 

0.944 
1.05 
1.15 
1.26 
1.36 
1.47 
1.57 
1.67 
1.88 
2.09 

2.61 
3.13 
3.65 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lOsPa/K 

3.98 
4.10 
3.86 
3.07 
2.71 
2.32 
1.34 

1.07 
0.892 
0.799 
0.734 
0.685 
0.645 
0.612 
0.583 
0.558 
0.468 

0.408 
0.365 
0.331 
0.304 

0.281 
0.262 
0.246 
0.219 
0.198 
0.181 

0.166 
0.154 
0.144 
0.134 
0.126 
0.119 
0.113 
0.107 
0.102 
0.0976 

0.0934 
0.0895 
0.0859 

0.0796 
0.0742 
0.0694 
0.0653 

0.0616 
0.0583 
0.0553 

0.0491 
0.0442 
0.0401 
0.0367 
0.0339 
0.0315 
0.0294 
0.0275 
0.0245 
0.0220 

0.0176 
0.0147 
0.0126 

Internal 
energy 
kJ/kg 

-8.758 
-7.251 
-5.252 
-1.978 
-0.6840 

0.7814 
5.579 

7.418 
8.958 
9.943 

10.73 
11.42 
12.03 
12.61 
13.14 
13.65 
15.94 

17.99 
19.91 
21.75 
23.54 

25.29 
27.01 
28.72 
32.06 
35.35 
38.62 

41.87 
45.10 
48.32 
51.53 
54.73 
57.92 
61.11 
64.29 
67.46 
70.62 

73.79 
76.95 
80.10 

86.41 
92.70 
98.99 

105.3 

111.5 
117.8 
124.1 

139.7 
155.4 
171.0 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 

Enthalpy 
kJ/kg 

-7.205 
-5.624 
-3.501 

0.07602 
1.551 
3.285 
9.651 

12.42 
14.87 
16.48 
17.79 
18.93 
19.96 
20.92 
21.82 
22.68 
26.56 

30.04 
33.30 
36.42 
39.45 

42.41 
45.32 
48.19 
53.82 
59.37 
64.87 

70.32 
75.74 
81.14 
86.52 
91.87 
97.21 

102.5 
107.8 
113.1 
118.4 

123.7 
129.0 
134.2 

144.8 
155.3 
165.7 
176.2 

186.7 
197.1 
207.6 

233.7 
259.7 
285.8 
311.8 
337.8 
363.8 
389.9 
415.9 
467.8 
519.8 

649.7 
779.6 
909.4 

Entropy 
kJ/kg ·K 

2.775 
3.198 
3.696 
4.443 
.4.735 
5.072 
6.307 

6.843 
7.310 
7.611 
7.850 
8.056 
8.239 
8.406 
8.560 
8.704 
9.326 

9.842 
10.29 
10.69 
1l.00 

11.40 
11.72 
12.01 
12.55 
13.03 
13.47 

13.87 
14.25 
14.60 
14.92 
15.23 
15.52 
15.79 
16.05 
16.30 
16.53 

16.76 
16.97 
17.18 

17.57 
17.93 
18.27 
IS.59 

18.88 
19.17 
19.44 

20.05 
20.60 
21.10 
21.55 
21.97 
22.35 
22.71 
23.04 
23.66 
24.20 

25.36 
26.31 
27.11 

C,. I Cp 

kJ/kg ·K 

2.078 2.825 
2.238 3.612 
2.432 5.082 
2.741 11.70 
2.862 21.47 
3.005 83.83 
3.343 188.6 

3.348 35.59 
3.315 18.59 
3.285 14.22 
3.261 12.09 
3.240 10.80 
3.222 9.927 
3.207 9.288 
3.194 8.799 
3.183 8.412 
3.145 7.266 

3.126 6.699 
3.116 6.362 
3.lIl 6.140 
3.109 5.983 

3.108 5.867 
3.109 5.778 
3.110 5.707 
3.111 5.609 
3.114 5.539 
3.116 5.487 

3.117 5.446 
3.119 5.414 
3.120 5.386 
3.120 5.363 
3.121 5.344 
3.121 5.329 
3.121 5.315 
3.122 5.303 
3.122 5.293 
3.122 5.285 

3.122 5.277 
3.122 5.270 
3.121 5.264 

3.121 5.254 
3.121 5.246 
3.121 5.239 
3.1:21 5.:234 

3.120 5.229 
3.120 5.225 
3.120 5.222 

3.120 5.215 
3.119 5.211 
3.119 5.208 
3.119 5.205 
3.118 5.203 
3.118 5.201 
3.118 5.200 
3.118 5.199 
3.118 5.198 
3.117 5.197 

3.117 5.195 
3.117 5.194 
3.117 5.194 

Velocity 
of sound 

mls 

224.2 
207.7 
183.0 
139.8 
124.9 
Ill.5 
98.16 

100.9 
105.8 
109.8 
113.2 
116.2 
119.0 
121.5 
124.0 
126.3 
136.3 

144.8 
152.4 
159.3 
165.8 

171.8 
177.6 
183.0 
193.3 
202.9 
212.0 

220.5 
228.7 
236.6 
244.1 
251.3 
258.4 
265.2 
271.8 
278.2 
284.5 

290.7 
296.7 
302.5 

313.9 
324.9 
335.5 
345.7 

355.7 
365.4 
374.8 

397.3 
418.6 
438.8 
458.1 
476.7 
494.5 
511. 7 
528.4 
560.2 
590.3 

659.5 
722.1 
779.7 



Temper-
ature 

K 

200.0 

225.0 
250.0 
275.0 
300.0 

350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rna 

0.5287 

0.4700 
0.4231 
0.3847 
0.3527 

0.3023 
0.2646 

0.2352 
0.2117 
0.1764 
0.1512 
0.1323 
0.1176 
0.1059 
0.0962.6 
0.08824 
0.08146 

0.07564 
0.07060 

2.156 150.7 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 

5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 

149.5 
146.4 
141.9 
135.6 
126.3 
108.8 
101.6 
84.91 

43.37 

37.68 
34.32 
31.91 
30.04 
28.50 
27.19 
26.06 
21.98 
19.29 
17.32 

15.78 
14.53 
13.49 
12.61 

11.84 
10.59 
9.591 
8.774 

8.091 
7.511 

7.012 
6.577 
6.195 
5.856 
5.553 
5.281 
5.035 
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Isotherm 
derivative 

105 m3 • Pa/kg , 

4.17 

4.69 
5.21 
5.73 
6.24 

7.28 
8.32 

9.36 
10.4 
12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.551 
0.471 
0.375 
0.273 
0.167 
0.0542 
0.0307 
0.00577 

0.0128 

0.0220 
0.0294 
0.0359 
0.0417 
0.0471 
0.0521 
0.0568 
0.0777 
0.0956 
0.112 

0.127 
0.141 
0.155 
0.160 

0.181 
0.206 
0.231 
0.254 

0.278 
0.301 

0.324 
0.346 
0.369 
0.391 
0.413 
0.435 
0.457 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10SPa/K 

0.0110 

0.00978 
0.00880 
0.00800 
0.00733 

0.00628 
0.00550 

0.00489 
0.00440 
0.00367 
0.00314 
0.00275 
0.00244 
0.00220 
0.00200 
0.00183 
0.00169 

0.00157 
0.00147 

2.65 
3.55 
3.99 
4.12 
3.89 
3.15 
2.85 
2.23 

1.06 

0.904 
0.816 
0.753 
0.703 
0.664 
0.630 
0.601 
0.498 
0.433 
0.386 

0.349 
0.320 
0.296 
0.276 

0.258 
0.230 
0.208 
0.190 

0.174 
0.162 

0.150 
0.141 
0.132 
0.125 
0.118 
0.112 
0.107 

Internal 
energy 
kJ/kg 

623.1 

701.0 
778.9 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
342S.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

1039.0 

1169.0 
1299.0 
1429.0 
Uj~9.0 

lS18.0 
2078.0 

2338.0 
2597.0 
3116.0 
3636~0 

4155.0 
4674.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

2.3 X 1()1-1'> pascal Isobar 

-10.93 
-9.96 
-8.776 
-7.280 
-5.309 
-2.177 
-1.066 

1.293 

7.851 

9.200 
10.15 
10.92 
11.60 
12.21 
12.78 
13.32 
15.69 
17.79 
19.74 

21.60 
23.40 
25.16 
26.90 

28.60 
31.95 
35.26 
38.54 

41.79 
45.03 

48.26 
51.47 
54.67 
57.87 
61.06 
64.24 
67.41 

-9.405 
-8.398 
-7.155 
-5.584 
-3.487 
-0.06319 

1.196 
I{.002 

13.15 

15.30 
16.85 
18.13 
19.26 
20.29 
21.24 
22.15 
26.16 
29.71 
33.02 

36.17 
39.23 
42.21 
4~.14 

48.02 
53.67 
59.24 
64.75 

70.22 
75.65 

81.06 
86.44 
91.80 
97.14 

102.5 
107.8 
113.1 

Entropy 
kJ/kg ·K 

27.81 

28.42 
28.% 
29.46 
29.91 

30.71 
31.41 

32.02 
32.56 
33.51 
34.31 
35.00 
35.62 
36.16 
36.66 
37.11 
37.53 

37.91 
3S.27 

2.013 
2.384 
2.769 
3.189 
3.682 
4.397 
4.646 
5.18B 

6.938 

7.340 
7.624 
7.854 
8.054 
8.233 
8.397 
8.549 
9.192 
9.719 

10.17 

10.58 
10.95 
11.29 
11.61 

11.91 
12.45 
12.93 
13.37 

13.78 
14.15 

14.50 
14.83 
15.13 
15.42 
15.70 
15.95 
16.20 

C,. I C" 

kJ/kg'K 

3.117 

3.117 
3.116 
3.116 
3.116 

3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.807 
1.891 
2.077 
2.236 
2.428 
2.723 
2.825 
3.036 

3.326 

3.298 
3.272 
3.250 
3.231 
3.215 
3.201 
3.189 
3.148 
3.127 
3.116 

3.111 
3.109 
3.108 
3.109 

3.109 
3.111 
3.113 
3.116 

3.117 
3.119 

3.120 
3.121 
3.121 
3.121 
3.122 
3.122 
3.122 

5.194 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.950 
2.265 
2.813 
3.585 
4.992 

10.44 
15.87 
65.33 

27.90 

17.47 
13.84 
11.93 
10.73 
9.895 
9.279 
8.804 
7.454 
6.814 
6.441 

6.198 
6.029 
5.904 
5.809 

5.734 
5.629 
5.556 
5.501 

5.459 
5.425 

5.395 
5.371 
5.351 
5.335 
5~321 
'5.308 
5.298 

Velocity 
of sound 

milS 

833.3 

883.7 
931.4 
976.7 

1020.0 

1102.0 
1178.0 

1249.0 
1316.0 
1442.0 
1557.0 
1665.0 
1765.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

243.7 
237.6 
225.5 
209.3 
185.2 
144.2 
131.3 
11104 

103.5 

107.8 
111.5 
114.7 
117.7 
120.4 
122.9 
125.3 
135.6 
144.3 
152.0 

159.0 
165.5 
171.6 
177.4 

182.9 
193.2 
202.9 
212.0 

220.6 
228.8 

236.6 
244.2 
251.4 
258.5 
265.3 
271.9 
278.4 
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Temper-
ature 

K 

23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.U 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 

1300.0 

1400.0 
1 PiOO.O 

Density 
kg/rna 

4.811 
4.607 
4.420 

4.247 
3.941 
3.676 
3.444 
3.241 
3.060 
2.899 
2.754 

2.448 
2.203 
2.003 
1.837 
1.696 
1.575 
1.470 
1'.379 
1.226 
1.104 

0.8834 
0.7365 
0.6315 
0.5527 
0.4914 
0.4423 
0.4021 
0.3687 
0.3161 
0.2766 

0.2459 
0.2213 
0.1844 
0.1581 
0.1384 
0.1230 
0.1107 
0.1006 
0.09225 

0.08516 

0.07908 
O.07:~RJ 

2.155 150.9 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5. I 
5.2 
5.3 

5.4 
5.5 
5.6 

149.7 
146.6 
142.2 
135.9 
126.8 
1l0.3 
104.1 
93.45 
55.45 

43.02 
38.07 
34.90 

Isotherm 
derivative 

105m3 ·Pa/kg 

0.478 
0.500 
0.521 

0.543 
0.586 
0.628 
0.671 

·0.713 
0.755 
0.798 
0.840 

0.945 
1.05 
1.15 
1.26 
1.36 
1.47 
1.57 
1.67 
1.88 
2.09 

2.61 
3.13 
3.65 
4.17 
4.69 
5.21 
5;73 
6.25 
7.28 
8.32 

9.36 
10.4 
12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 

27.0 

29.1 
~L2 

0.556 
0.477 
0.381 
0.279 
0.173 
0.0623 
0.0397 
0.0181 
0.00500 

0.0158 
0.0241 
0.0311 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.102 
0.0977 
0.0936 

0.0899 
0.0833 
0.0776 
0.0726 
0.0683 
0.0644 
0.0609 
0.0579 

0.0513 
0.0462 
0.0419 
0.0384 
0.0354 
0.0329 
0.0307 
0.0288 
0.0256 
0.0230 

0.0184 
0.0153 
0.0131 
0.0115 
0.0102 
0.00920 
0.00836 
0.00767 
0.00657 
0.00575 

0.00511 
0.00460 
0.00383 
0.00329 
0.00287 
0.00256 
0.00230 
0.00209 
0.00]92 

0.00177 

0.00164 
O.OOIPi.~ 

2.64 
3.55 
4.00 
4.14 
3.92 
3.22 
2.96 
2.54 
1.38 

1.05 
0.914 
0.830 

Internal 
energy 
kJ/kg 

70.58 
73.75 
76.91 

80.06 
86.37 
92.67 
98.96 

105.2 
111.5 
117.8 
124.1 

139.7 
155.4 . 
171.0 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 
778.9 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
3428.0 
3739.0 

4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

118.4 
123.7 
128.9 

134.2 
144.7 
155.2 
165.7 
176.2 
186.7 
197.1 
207.6 

233.7 
259.8 
285.8 
311.8 
337.9 
363.9 
389.9 
415.9 
467.9 
519.8 

649.7 
779.6 
909.4 

1039.0 
1169.0 
1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2338.0 
2597.0 
3117.0 
3636.0 
4155.0 
4674.0 
5194.0 
5713.0 
6232.0 

6752.0 

7271.0 
7790.0 

2.4 X 10+5 pascal Isobar 

-10.94 
-9.97 
-8.794 
-7.309 
-5.363 
-2.349 
-1.356 

0.2135 
5.828 

8.245 
9.457 

10.36 

-9.346 
-8.343 
-7.106 
-5.544 
-3.471 
-0.1736 

0.9494 
2.782 

10.16 

13.82 
15.76 
17.24 

Entropy 
kJ/kg -K 

16.44 
16.66 
16.88 

17.08 
17.47 
17.84 
18.17 
18.49 
18.79 
19.07 
19.34 

19.96 
20.51 
21.00 
21.46 
21.87 
22.26 
22.62 
22.95 
23.56 
24.11 

25.27 
26.22 
27.02 
27.71 
28.32 
28.87 
29.37 
29.82 
30.62 
31.31 

31.92 
32.47 
33.42 
34.22 
34.91 
35.52 
36.07 
36.57 
37.02 

37.43 

37.82 
38.18 

2.010 
2.380 
2.763 
3.181 
3.668 
4.357 
4.578 
4.932 
6.333 

7.020 
7.376 
7.642 

C" I Cp 

kJ/kg ·K 

3.122 
3.122 
3.122 

3.122 
3.122 
3.121 
3.121 
3.121 
3.121 
3.120 
3.120 

3.120 
3.119 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 
3.118. 
3.117 

3.117 
3.117 
3.117 
3.Il7 
3.117 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 

1.803 
1.890 
2.075 
2.233 
2.423 
2.707 
2.797 
2.924 
3.305 

3.306 
3.282 
3.259 

5.289 
5.281 
5.274 

5.267 
5.257 
5.248 
5.241 
5.236 
5.231 
5.227 
5.223 

5.216 
5.212 
5.208 
5.205 
5.203 
5.202 
5.201 
5.199 
5.198 
5.197 

5.195 
5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.]93 
5.193 
5.193 

5.193 

5.193 
5.193 

1.943 
2.259 
2.801 
3.559 
4.909 
9.554 

13.15 
24.12 
68.90 

23.53 
16.46 
13.44 

Velocity 
of sound 

m/s 

284.6 
290.8 
296.8 

302.7 
314.1 
325.0 
335.6 
345.9 
355.8 
365.5 
374.9 

397.4 
418.7 
438.9 
458.2 
476.8 
494.6 
511.8 
528.5 
560.3 
590.4 

659.6 
722.2 
779.8 
833.4 
883.8 
931.4 
976.8 

1020.0 . 
1102.0 
1178.0 

1249.0 
1316.0 
1442.0 
1557.0 
1665.0 
1765.0 
1861.0 
1952.0 
2038.0 

2122.0 

2202.0 
2279.0 

244.7 
238.7 
226.8 
210.9 
187.4 
148.3 
136.7 
122.3 
102.1 

106.0 
109.9 
113.3 



Temper· 
ature 

K 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 

36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 

800.0 

Density 
kg/rna 

32.57 
30.72 
29.18 
27.88 
23.29 
20.35 
18.22 

16.57 
15.24 
14.14 
13.20 
12.40 
11.08 
10.03 
9.167 
8.451 
7.843 

7.321 
6.866 
6.466 
6.112 
5.796 
5.511 
5.254 
5.021 
4.807 
4.612 

4.432 
4.111 
3.835 
3.593 
3.301 

3.193 
3.024 
2.873 

2.553 
2.298 
2.090 
1.916 
1.769 
1.643 
1.534 
1.438 
1.279 

1.15] 

0.9217 
0.7684 
0.6589 
0.5767 
0.5127 
0.4615 
0.4196 
0.3847 
0.3298 
0.2886 

0.2566 
0.2309 
0.1925 
0.1650 

0.1444 

Isotherm 
derivative 

105 m3 ·Pa/kg 

0.0374 
0.0431 
0.0484 
0.0533 
0.0749 
0.0933 
0.110 

0.125 
0.140 
0.154 
0.167 
0.180 
0.205 
0.230 
0.254 
0.277 
0.301 

0.323 
0.346 
0.369 
0.391 
0.413 
0.435 
0.457 
0.478 
0.500 
0.522 

0.543 
0.586 
0.629 
0.671 
0.713 

0.756 
0.798 
0.840 

0.945 
1.05 
1.15 
1.26 
1.36 
1.47 
1.57 
1.68 
1.88 

2.09 

2.61 
:~.]3 

3.65 
4.17 
4.69 
5.21 
5.73 
6.25 
7.28 
8.32 

9.36 
10.4 
12.5 
11.6 

16.6 
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Isochore 
derivative 
105 Pa/K 

0.769 
0.720 
0.681 
0.647 
0.531 
0.458 
0.407 

0.368 
0.337 
0.311 
0.290 
0.271 
0.241 
0.218 
0.198 
0.182 
0.169 

0.157 
0.147 
0.138 
0.131 
0.124 
0.117 
0.112 
0.107 
0.102 
0.0978 

0.0939 
0.0870 
0.0810 
0.0758 
0.0712 

0.0672 
0.0636 
0.0604 

0.0536 
0.0482 
0.0438 
0.0401 
0.0370 
0.034.3 
0.0320 
0.0300 
0.0207 

0.0240 

0.0192 
0.0160 
0.0137 
0.0120 
0.0107 
0.00960 
0.00873 
0.00800 
0.00686 
0.00600 

0.00533 
0.00480 
0.00400 
O. OO.'H 3 

0.00300 

Internal 
energy 
kJ/kg 

11.12 
11. 79 
12.40 
12.97 
15.44 
17.58 
19.56 

21.44 
23.26 
25.03 
26.77 
28.49 
31.85 
35.17 
38.45 
41.71 
44.95 

48.19 
51.41 
54.62 
57.81 
61.00 
64.19 
67.36 
70.54 
73.70 
76.87 

80.03 
86.34 
92.64 
98.93 

105.2 

111.5 
117.8 
124.0 

139.7 
155.3 
171.0 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 

311.4 

389.4 
467_.:t 

545.2 
623.1 
701.0 

, 779.0 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2191.0 

2493.0 

Enthalpy 
kJ/kg 

18.49 
19.61 
20.63 
21.58 
25.75 
29.38 
32.73 

35.92 
39.00 
42.01 
44.95 
47.85 
53.52 
59.11 
64.63 
70.11 
75.55 

80.97 
86.36 
91. 73 
97.08 

102.4 
107.7 
113.0 
118.3 
123.6 
128.9 

134.2 
144.7 
155.2 
165.7 
176.2 

186.7 
197.1 
207.6 

233.7 
259.8 
285.8 
3Il.8 
337.9 
363.9 
389.9 
415.9 
407.9 

519.9 

649.8 
77(U; 

909.5 
1039.0 
1169.0 
1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2338.0 
2597.0 
3117.0 
3636.0 

4155.0 

Entropy 
kJ/kg ·K 

7.864 
8.058 
8.233 
8.393 
9.060 
9.599 

10.06 

10.47 
10.85 
11.19 
11.51 
11.81 
12.35 
12.83 
13.28 
13.68 
14.06 

14.41 
14.74 
15.04 
15.33 
15.60 
15.86 
16.11 
16.35 
16.57 
16.79 

16.99 
17.38 
17.75 
18.09 
18.40 

18.70 
18.99 
19.25 

19.87 
20.42 
20.91 
21.37 
21.78 
22.17 
22.53 
22.86 
23.48 

24.02 

25.18 
?6_1.~ 

26.93 
27.62 
28.24 
28.78 
29.28 
29.73 
30.53 
31.22 

31.84 
32.38 
33.33 
34.12 

34.82 

Ct· I Cp 

kJ/kg ·K 

3.240 
3.222 
3.208 
3.195 
3.151 
3.129 
3.117 

3.111 
3.109 
3.108 
3.108 
3.109 
3.111 
3.113 
3.115 
3.117 
3.119 

3.120 
3.121 
3.121 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 

3.122 
3.122 
3.122 
3.121 
3.121 

3.121 
3.121 
3.120 

3.120 
3.120 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 
3.1Hi 

3.118 

3.117 
3_117 

3.117 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
2.116 

3.116 

11.74 
10.63 
9.843 
9.254 
7.656 
6.934 
6.523 

6.259 
6.076 
5.942 
5.841 
5.761 
5.650 
5.573 
5.515 
5.471 
5.435 

5.404 
5.379 
5.358 
5.341 
5.326 
5.313 
5.303 
5.293 
5.285 
5.277 

5.271 
5.260 
5.251 
5.244 
5.237 

5.232 
5.228 
5.225 

5.218 
5.212 
5.209 
5.206 
5.204 
5.202 
5.201 
5.200 
!J.IYH 

5.197 

5.195 
5,194-

5.194 
5.194 
5.193 
5.]93 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 

Velocity 
of sound 

m/s 

116.4 
119.2 
121.8 
124.3 
134.9 
143.8 
151.6 

158.7 
165.3 
171.4 
177.2 
182.8 
193.2 
202.8 
212.0 
220.6 
228.8 

236.7 
244.2 
251.5 
258.5 
265.4 
272.0 
278.5 
284.8 
290.9 
296.9 

302.8 
314.2 
325.1 
335.7 
346.0 

355.9 
365.6 
375.0 

397.5 
418.8 
439.0 
458.3 
476.9 
494.7 
511.9 
528.6 
560.4 

590.4 

659.7 
722.3 

779.8 
833.5 
883.8 
931.5 
976.8 

1020.0 
1102.0 
ll78.0 

1249.0 
1316.0 
1442.0 
]557.0 

1665.0 
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990 

Temper· 
ature 

K 

900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.154 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 

Density 
kg/m:! 

0.1283 
0.1155 
0.1050 
0.09626 
0.08886 

0.08251 
0.07701 

151.1 
149.8 
146.8 
142.5 
136.3 
127.4 
111.6 
106.1 
97.72 
81.86 

51.05 
42.77 
38.40 
35.41 
33.15 
31.34 
29.82 
24.65 
21.43 
19.14 

17.38 
15.96 
14.79 
13.80 
12.95 
11.56 
10.46 
9.562 
8.812 
9.176 

7.630 
7.155 
6.738 
6.368 
6.038 
5.741 
5.473 
5.230 
5.007 
4.803 

4.616 
4.282 

_ 3.994 
3.742 
3.521 
3.325 
3.149 
2.992 

2.659 

Isotherm 
derivative 

lOsm3 ·Pa/kg 

18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.561 
0.482 
0.386 
0.285 
0.180 
0.0701 
0.0482 
0.0282 
0.00701 

0.00971 
0.0187 
0.0263 
0.0330 
0.0390 
0.0446 
0.0498 
0.0722 
0.0910 
0.108 

0.124 
0.138 
0.152 
0.166 
0.179 
0.205 
0.229 
0.253 
0.277 
0.300 

0.323 
0.346 
0.368 
0.391 
0.413 
0.435 
0.457 
0.478 
0.500 
0.522 

0.543 
0.586 
0.629 
0.671 
0.714 
0.756 
0.798 
0.840 

0.945 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.00267 
0.00240 
0.00218 
0.00200 
0.00185 

0.00171 
0.00160 

2.64 
3.55 
4.01 
4.15 
3.95 
3.29 
3.05 
2.71 
2.15 

1.26 
1.04 
0.922 
0.843 
0.784 
0.736 
0.696 
0.564 
0.485 
0.429 

0.387 
0.354 
0.326 
0.303 
0.284 
0.252 
0.227 
0.207 
0.191 
0.176 

0.]64 
0.154 
0.144 
0.136 
0.129 
0.122 
0.117 
0.111 
0.106 
0.102 

0.0979 
0.0906 
0.0844 
0.0790 
0.0742 
0.0700 
0.0663 
0.0629 

0.0558 

Internal 
energy 
kJ/kg 

2804.0 
3116.0 
3428.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

4674.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

2.5 X lOtS pascal Isobar 

-10.95 
-9.98 
-8.811 
-7.338 
-5.415 
-2.501 
-1.591 
-0.3106 

1.994 

6.875 
8.618 
9.726 

10.60 
11.34 
12.00 
12.61 
15.18 
17.37 
19.38 

21.28 
23.12 
24.90 
26.65 
28.38 
31. 75 
35.08 
38.37 
41.64 
44.SB 

48.12 
51.34 
54.56 
57.76 
60.95 
64.14 
67.32 
70.49 
73.66 
76.83 

79.99 
86.30 
92.60 
98.90 

105.2 
111.5 
117.7 
124.0 

139.7 

-9.287 
-8.288 
-7.056 
-5.504 
-3.452 
-0.2628 

0.7641 
2.248 
5.048 

11.77 
14.46 
16.24 
17.65 
18.88 
19.98 
20.99 
25.32 
29.03 
32.44 

35.67 
38.78 
41.80 
44.76 
47.68 
53.37 
58.98 
64.52 
70.01 
75.46 

80.89 
86.29 
91.66 
97.02 

102.4 
107.7 
113.0 
118.3 
123.6 
128.9 

134.2 
144.7 
155.2 
165.7 
176.2 
186.7 
197.1 
207.6 

233.7 

Entropy 
kJ/kg ·K 

35.44 
35.98 
36.48 
36.93-
37.35 

37.73 
38.09 

2.007 
2.375 
2.758 
3.173 
3.654 
4.321 
4.523 
4.810 
5.342 

6.600 
7.095 
7.414 
7.665 
7.878 
8.066 
8.236 
8.931 
9.481 
9.95 

10.37 
10.75 
11.09 
11.41 
II. 71 
12.25 
12.74 
13.19 
13.59 
13.97 

14.32 
14.65 
14.95 
15.24 
15.52 
15.78 
16.02 
16.26 
16.49 
16.70 

16.91 
17.30 
17.66 
18.00 
18.32 
18.62 
18.90 
19.17 

19.78 

CI • I Cp 

kJ/kg ·K 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.798 
1.888 
2.073 
2.230 
2.419 
2.693 
2.775 
2.872 
3.038 

3.299 
3.288 
3.267 
3.247 
3.229 
3.214 
3.200 
3.154 
3.130 
3.118 

3.112 
3.109 
3.108 
3.108 
3.109 
3.111 
3.113 
3.115 
3.117 
3.119 

3.120 
3.121 
3.121 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 

3.122 
3.122 
3.122 
3.122 
3.121 
3.121 
3.121 
3.121 

3.120 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.936 
2.253 
2.790 
3.534 
4.833 
8.883 

11.50 
17.08 
54.98 

37.30 
20.65 
15.55 
13.04 
1l.53 
10.51 
9.775 
7.877 
7.062 
6.609 

6.321 
6.124 
5.981 
5.873 
5.788 
5.671 
5.590 
5.529 
5.483 
5.446 

5.414 
5.387 
5.366 
5.347 
5.332 
5.319 
5.307 
5.297 
5.288 
5.281 

5.274 
5.262 
5.253 
5.246 
5.239 
5.234 
5.230 
5.226 

5.219 

Velocity 
of sound 

m/s 

1766.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

245.7 
239.7 
228.0 
212.5 
189.5 
152.0 
141.4 
129.4 
112.6 

104.8 
108.4 
111.9 
115.1 
118.0 
120.8 
123.3 
134.2 
143.3 
151.2 

158.4 
165.0 
17l.2 
177.1 
182.6 
193.1 
202.8 
212.0 
220.6 
220.9 

236.7 
244.3 
251.6 
258.6 
265.5 
272.1 
278.6 
284.9 
291.0 
297.0 

302.9 
314.3 
325.3 
335.9 
346.1 
356.1 
365.7 
375.1 

397.6 



Temper-
ature 

K 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 

. 90.0 
100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
:;00.0 

600.0 
70~)'0 

800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/m3 

2.394 
2.176 
1.996 
1.842 
1.711 
1.597 
1.498 
1.332 
1.199 

0.9600 
0.8004 
0.6863 
0.6007 
0.5340 
0.4807 
0.4371 
0.4007 
0.3435 
0.3006 

0.2672 
0.2405 

0.2005 
0.1719 
0.1504 
0.1337 
0.1203 
0.1094 
0.1003 
0.09256 

0.08595 
0.08022 

2.153 151.2 
2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8;0 
8.5 
9.0 
9.5 

10.0 

150.0 
147.1 
142.7 
136.6 
127.9 

112.9 
107.8 
100.7 
90.61 

64.91 
49.03 
42.59 
38.67 
35.86 
33.68 
31.90 
26.06 
22.55 
20.07 

18.19 
16.69 
15.45 
14.41 
13.51 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.05 
1.15 
1.26 
1.36 
1.47 
1.57 
1.68 
1.88 
2.09 

2.61 
3.13 
3.65 
4.17 
4.69 
5.21 
5.73 
6.25 
7.28 
8.32 

9.36 
10.4 

12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.566 
0.487 
0.392 
0.291 
0.186 

0.0776 
0.0563 
0.0373 
0.0172 

0.00580 
0.0136 
0.0216 
0.0286 
0.0350 
0.0408 
0.0462 
0.0694 
0.0887 
0.106 

0.122 
0.137 
0.151 
0.165 

.0.178 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative· 
105 Pa/K 

0.0502 
0.0456 
0.0418 
0.0385 
0.0358 

.0.0334 
0.0313 
0.0278 
0.0250 

0.0200 
0.0167 
0.0143 
0.0125 
0.0111 
0.0100 
0.00909 
0.00833 
0.00714 
0.00625 

0.00555 
0.00500 

0.00417 
0.00357 
0.00312 
0.00278 
0.00250 
0.00227 
0.00208 
0.00192 

0.00179 
0.00167 

2.64 
3.56 
4.02 
4.17 
3.98 

3.35 
3.13 
2.84 
2.4':; 

1.65 
1.21 
1.03 
0.929 
0.854 
0.797 
0.750 
0.600 
0.512 
0.451 

0.406 
0.371 
0.342 
0.317 
0.297 

Internal 
energy 
kJ/kg 

155.3 
171.0 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 
3'11.4 

389.4 
467.3 
545.2 
623.1 
701.0 
779.0 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
15::;8.0 

1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
3428.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

259.8 
285.8 
311.9 
337.9 
363.9 
389.9 
415.9 
467.9 
519.9 

649.8 
779.7 
909.5 

1039.0 
1169.0 
1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2338.0 
2597.0 

3117.0 
3636.0 
4155.0 
4674.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

2.6 X lOt-:; pascal Isobar 

-10.95 
-9.99 
-8.828 
-7.365 
-5.465 

-2.638 
-1. 791 
-0.6756 

0.0603 

4.695 
7.541 
8.978 

10.00 
10.84 
11.56 
12.21 
14.91 
17.15 
19.20 

21.12 
22.97 
24.77 
26.53 
28.27 

-9.228 
-8.233 
-7.006 
-5.463 
-3.432 

-0.3356 
0.6191 
1.905 
3.730 

8.701 
12.84 
15.08 
16.73 
18.09 
19.28 
20.36 
24.88 
28.69 
32.15 

35.41 
38.55 
41.60 
44.58 
47.51 

Entropy 
kJ/kg ·K 

20.33 
20.83 
21.28 
21.70 
22.08· 
22.44 
22.78 
23.39 
23.94 

25.10 
26.05 
26.85 
27.54 
28.15 
28.70 
29.19 
29.65 
30.45 
31.14 

31.75 
32.30 

33.25 
34.05 
34.74 
35.35 
35.90 
36.39 
36.84 
37.26 

37.65 
38.00 

2.004 
2.371 
2.752 
3.165 
3.641 

4.289 
4.476 
4.724 
'::;.072 

·5.999 

6.760 
7.164 
7.455 
7.692 
7.896 
8.078 
8.803 
9.367 
9.845 

10.27 
10.65 
10.99 
J1.32 
11.62 

Ct. I C" 

kJ/kg ·K 

3.120 
3.U9 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 
3.118 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.U6 
3.116 
3.116 

3.116 
3.116 

1.793 
1.887 
2.071 
2.228 
2.414 

2.681 
2.757 
2.837 
2.923 

3.229 
3.284 
3.272 
3.253 
3.235 
3.220 
3.205 
3.157 
3.132 
3.118 

3.112 
3.109 
3.108 
3.108 
3.109 

5.213 
5.209 
5.207 
5.204 
5.203 
5.201 
5.200 
5.198 
5.197 

5.195 
5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.930 
2.247 
2.779 
3.510 
4.763 

8.356 
10.38 
13.92 
25.39 

63.10 
27.80 
18.58 
14.75 
12.65 
11.31 
10.38 
8.116 
7.196 
6.698 

6.386 
6.174 
6.021 
5.905 
5.816 

f 

Velocity 
of sound 

m/s 

418.9 
439.1 
458.5 
477.0 
494.8 
512.0 
528.7 
560.5 
590.5 

659.7 
722.3 
779.9 
833.5 
883.9 
931.5 
976.9 

1020.0 
1102.0 
1l78.0 

1249.0 
1316.0 

1442.0 
1557.0 
1665.0 
1766.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 

246.7 
240.8 
229.3 
214.0 
191.5 

155.5 
145.7 
135.2 
122.4 

106.5 
107.4 
110.7 
113.9 
116.9 
119.7 
122.4 
133.6 
142.8 
150.8 

158.1 
164.8 
171.0 
176.9 
182.5 
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Temper· 
ature 

K 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 

30.0 
32.0 
34.0 
36.0 

38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rn 3 

12.05 
10.90 
9.96 
9.174 
8.510 

7.940 
7.444 
7.009 
6.624 
6.280 
5.971 
5.692 
5.439 
5.207 
4.995 

4.800 
4.4::>2 

4.153 
3.891 
3.661 
3.1157 

3.275 
3.111 

2.765 
2.489 
2.263 
2.075 
1.916 
1.779 
1.661 
1.558 
1.385 
1.247 

0.998 
0.8323 
0.7137 
0.6246 
0.5554 
0.4999 
0.4545 
0.4167 
0.3572 
0.3126 

0.2779 
0.2502 
0.2085 
0.1787 
0.1564 

0.1390 
0.1251 
0.1138 
0.1043 
0.09626 

0.08939 
0.08343 

2.151 151.6 

Isotherm 
derivative 

105 m 3 • Pa/kg 

0.204 
0.228 
0.253 
0.276 
0.300 

0.323 
0.346 
0.368 
0.390 
0.413 
0.435 
0.457 
0.478 
0.500 
0.522 

0.543 
0.::>06 

0.629 
0.672 
0.714 
0.756 

0.799 
0.841 

0.946 
1.05 
1.16 
1.26 
1.36 
1.47 
1.57 
1.68 
1.88 
2.09 

2.61 
3.13 
3.65 
4.17 
4.69 
5.21 
5.73 
6.25 
7.29 
8.32 

9.36 
10.4 
12.5 
14.6 
16.6 

18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10SPa/K 

0.264 
0.237 
0.216 
0.199 
0.184 

0.171 
0.160 
0.150 
0.142 
0.134 
0.127 
0.121 
0.116 
0.111 
0.106 

0.102 
0.0943 

0.0878 
0.0822 
0.0772 
0.0729 

0.0690 
0.0655 

0.0581 
0.0522 
0.0474 
0.0434 
0.0401 
0.0372 
0.0347 
0.0325 
0.0289 
0.0260 

0.0208 
0.0173 
0.0149 
0.0130 
0.0116 
0.0104 
0.00945 
0.00867 
0.00743 
0.00650 

O.OU57~ 

0.00520 
0.00433 
0.00371 
0.00325 

0.00289 
0.00260 
0.00236 
0.00217 
0.00200 

0.00186 
0.00173 

Internal 
energy 
kJ/kg 

31.65 
34.99 
38.29 
41.56 
44.81 

48.05 
51.28 
54.50 
57.70 
60.90 
64.09 
67.27 
70.45 
73.62 
76.79 

79.95 
06.27 

92.57 
98.87 

105.2 
111.4 

117.7 
124.0 

139.7 
155.3 
170.9 
186.6 
202.2 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 
623.1 
701.0 
779.0 
856.9 
934.8 

1091.0 
1246.0 

14U2.U 

1558.0 
1870.0 
2181.0 
2493.0 

2804.0 
31I6.0 
3428.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kj/kg 

53.22 
58.84 
64.40 
69.90 
75.36 

80.80 
86.21 
91.59 
96.95 

102.3 
107.6 
112.9 
118.3 
123.5 
128.8 

134.1 
144.7 

155.2 
165.7 
176.2 
11366 

197.1' 
207.6 

233.7 
259.8 
285.8 
311.9 
337.9 . 
363.9 
389.9 
415.9 
467.9 
519.9 

649.8 
779.7 
909.5 

1039.0 
.1169.0 
1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2338.0 

2597.0 
3117.0 
3636.0 
4155.0 

4674.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

2.8 X lif5 pascal Isobar 

Entropy 
kj/kg ·K 

12.16 
12.65 . 
13.10 
13.51 
13.88 

14.23 
14.56 
14.87 
15.16 
15.43 
15.69 
15.94 
16.18 
16.40 
16.62 

16.82 
17.22 

17.58 
17.92 
18.24 
lRS.~ 

18.82 
19.09 

19.70 
20.25 
20.75 
21.20 
21.62 
22.00 
22.36 
22.70 
23.31 
23.86 

25.02 
25.96 
26.76 
27.46 
28.07 
28.62 
29.11 
29.56 
30.36 
31.06 

31.67 

32.22 
33.16 
33.96 
34.66 

35.27 
35.82 
36.31 
36.76 
37.18 

37.56 
37.92 

e" I Cp 

kJ/kg·K 

3.110 
3.113 
3.115 
3.117 
3.119 

3.120 
3.121 
3.122 
3.122 
3.122 
3.122 
3.123 
3.123 
3.123 
3.123 

3.122 
3.122 

3.122 
3.122 
3.122 
.Q.121 

3.121 
3.121 

3.120 
3.120 
3.119 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 
3.118 

3.117 
3.117 
3.117 
3.117 
3.117 
3.1I7 
3.117 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

5.692 
5.607 
5.544 
5.495 
5.456 

5.423 
5.395 
5.373 
5.354 
5.337 
5.324 
5.312 
5.301 
5.:'.Y:'. 

5.284 

5.277 
5.265 

5.256 
5.248 
5.241 
5.2:~6 

5.231 
5.227 

5.220 
5.214 
5.210 
5.207 
5.205 
5.203 
5.201 
5.200 
5.199 
5.197 

5.195 
5.195 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

::;.193 

5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

Velocity 
of sound 

m/s 

193.0 
202.8 
212.0 
220.7 
228.9 

236.8 
244.4 
251.7 
258.7 
265.6 
272.2 
278.7 
285.0 
291.1 

297.1 

303.0 
3H.4 

325.4 
336.0 
346.2 
356.2 
365.8 
375.2 

397.8 
419.0 
439.2 
458.6 
477.1 
494.9 
512.1 
528.8 
560.5 

'590.6 

659.8 
722.4 
780.0 
833.6 
883.9 
931.6 
976.9 

1020.0 
1102.0 
1178.0 

1249.0 

1316.0 
1442.0 
1557.0 
1665.0 

1766.0 
1861.0 
1952.0 
2038.0 
2122.0 

2202.0 
2279.0 



Temper. 
ature 

K 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
,5.5 

5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
a.s 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
IS.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

Density 
kg/m 3 

150.4 
147.5 
143.2 
137.3 
128.9 
115.0 
lIO.7 
105.1 
98.51 

88.20 
68.98 
54.34 
46.92 
42.34 
39.09 
36.59 
29.06 
24.86 
22.00 

19.86 
IS.I7 

16.79 
15.63 
14.64 
13.04 
II. 78 
10.75 
9.899 
9.178 

8.560 
8.023 
7.553 
7.136 
6.765 
6.431 
6.130 
5.857 
5.607 
5.378 

. 5.168 
4.793 
4.471 
4.1S9 
3.941 
3.721 
3.525 
3.348 

2.976 

2.679 
2.436 
2.234 
2.062 
1.915 
1.788 
1.677 
1.491 
l.343 

1.075 
0.8961 
0.7684 

Isotherm 
derivative 

105 m3 ·Pa/kg 

0.576 
0.497 
0.403 
0.302 
0.198 
0.0921 
0.0716 
0.0538 
0.0351 

0.0172 
0.00865 
0.0137 
0.0205 
0.0272 
0.0334 
0.0393 
0.0639 
0.0842 
0.102 

0.118 
0.131 

0.148 
0.162 
0.176 
0.202 
0.227 
0.251 
0.275 
0.299 

0.322 
0.345 
0.368 
0.390 
0.412 
0.435 
0.457 
0.478 
0.500 
0.522 

0.544 
0.587 
0.630 
0.672 
0.715 
0.757 

0.799 
0.842 

0.947 

1.05 
1.16 
1.26 
1.37 
1.47 
1.57 
1.68 
1.S9 
2.09 

2.61 
3.13 
3.65 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10sPa/K 

2.63 
3.56 
4.04 
4.21 
4.04 
3.46 
3.27 
3.03 
2.76 

2.38 
1.77 
1.36 
1.15 
1.03 
0.940 
0.873 
0.676 
0.569 
0.498 

0.446 
0.406 

0.373 
0.346 
0.323 
0.286 
0.257 
0.234 
0.215 
0.199 

0.185 
0.173 
0.162 
0.153 
0.145 
0.138 
0.131 
0.125 
0.119 
0.114 

0.1l0 
0.102 
0.0947 
0.0886 
0.0833 
U.U7H5 

0.0743 
0.0705 

0.0626 

0.0562 
0.0511 
0.0468 
0.0432 
0.0401 
0.0374 
0.0350 
0.0311 
0.0280 

0.0224 
0.0187 
0.0160 

Internal 
energy 
kJ/kg 

-10.96 
-10.01 
-8.860 
-7.418 
-5.560 
-2.878 
-2.121 
-1.194 
-0.1230 

1.462 
4.415 
6.991 
8.553 
9.674 

10.,58 
11.35 
14.34 
16.71 

18.82 

20.80 
22.6S 

24.51 
26.29 
28.04 
31.45 
34.80 
38.12 
41.40 
44.66 

47.92 
51.15 
54.38 
57.59 
60.79 
63.99 
67.18 
70.36 
73.53 
76.71 

79.87 
86.20 
92.51 
98.81 

105.1 
111.4 

117.7 
123.9 

139.6 

155.3 
170.9 
186.5 
202.2 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 

Enthalpy 
kJ/kg 

-9.110 
-8.123 
-6.905 
-5.379 
-3.388 
-0.4445 

0.4076 
1.468 
2.719 

4.637 
8.475 

12.14 
14.52 
16.29 
17.74 
19.00 
23.97 
27.97 

31.55 

34.90 
38.09 

41.18 
44.20 
47.16 
52.92 
58.58 
64.16 
69.69 
75.17 

80.63 
86.05 
91.45 
96.83 

102.2 
107.5 
112.9 
118.2 
123.5 
128.8 

134.1 
144.6 
155.1 
165.7 
176.1 
IHb.6 
197.1 
207.6 

'233.7 

259.8 
285.9 
311.9 
337.9 
364.0 
390.0 
416.0 
468.0 
520.0 

649.9 
779.7 
909.6 

Entropy 
kJ/kg ·K 

1.998 
2.363 
2.741 
3.149 
3.617 
4.232 
4.399 
4.603 
4.841 

5.199 
5.903 
6.565 
6.985 
7.293 
7.541 
7.753 
8.551 
9.144 

9.638 

10.07 
10.46· 

10.81 
11.14 
11.44 
11.99 
12.48 
12.93 
13.34 
13.72 

14.07 
14.40 
14.71 
15.00 
15.27 
15.53 
15.78 
16.02 
16.24 
16.46 

16.67 
17.06 
17.42 
17.76 
18.08 
IH.3H 

18.66 
18.93 

19.55 

20.10 
20.59 
21.05 
21.46 
21.85 
22.21 
22.54 
23.16 
23.70 

24.86 
25.81 
26.61 

(:r -r Cp 

kJ/kg ·K 

1.784 
1.884 
2.068 
2.223 
2.406 
2.660 
2.727 
2.788 
2.827 

2.941 
·3.178 

3.252 
3.254 
3.242 
3.228 
3.214 
3.162 
3.134 

3.120 

3.112 
3.109 

3.107 
3.107 
3.108 
3.110 
3.113 
3.115 
3.117 
3.119 

3.120 
3.121 
3.122 
3.122 
3.123 
3.123 
3.123 
3.123 
3.123 
3.123 

3.123 
3.123 
3.123 
3.122 
3.122 

. 3.122 

3.121 
3.121 

3.121 

3.120 
3.120 
3.119 
3.119 
3.119 
3.119 
3.118 
3.118 
3.118 

3.117 
3.117 
3.117 

1.917 
2.235 
2.759 
3.465 
4.635 
7.575 
8.936 

10.84 
14.70 

25.70 
45.12 
28.73 
19.98 
15.79 
13.43 
11.91 
8.659 
7.4H9 

6.887 

6.521 
6.276 

6.102 
5.972 
5.872 
5.735 
5.641 
5.572 
5.519 
5.477 

5.441 
5.411 
5.387 
5.366 
5.349 
5.334 
5.321 
5.310 
5.300 
5.291 

5.284 
5.271 
5.260 
5.252 
5.245 
5.231} 

5.234 
5.230 

5.2'22 

5.216 
5.211 
5.208 
5.206 
5.204 
5.202 
5.201 
5.199 
5.198 

5.196 
5.195 
5.194 

Velocity 
of sound 

mls 

248.7 
242.9 
231.7 
217.0 
195.4 
161.9 
153.2 
144.6 
135.1 

122.7 
110.8 
109.9 
112.3 
115.1 
117.9 
120.6 
132.3 
141.H 

150.1 

157.5 
1643 

170.7 
176.6 
182.3 
192.9 
202.7 
212.0 
220.7 
229.0 

236.9 
244.5 
251.8 
258.9 
265.8 
272.4 
278.9 
285.2 
291.3 
297.4 

303.2 
314.6 
325.6 
336.2 
346.5 
356.4 
366.1 
375.5 

398.0 

419.3 
439.5 
458.8 
477.3 
495.1 
512.3 
528.9 
560.7 
590.8 

660.0 
722.5 
780.1 
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Temper-
ature 

K 

200.0 
225.0 
250.0 
275.0 
300.0 
350.0 

400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/m 3 

0.6726 
0.5980 
0.5383 
0.4894 
0.4487 
0.3847 
0.3367 

0.2993 
0.2694 
0.2245 
0.1925 
0.1684 
0.1497 
0.1348 
0.1225 
0.1123 
0.1037 

0.09626 
0.08985 

2.149 151.9 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
_5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 

7.5 

0.0 

8.5 
9.0 
9.5 

10.0 

11.0 
12.0 
13.0 

14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 

150.8 
147.9 
143.7 
138.0 
129.8 
116.9 
113.1 
108.4 
103.2 

96.39 
86.22 
70.92 
58.40 
50.77 
45.77 
42.17 
32.33 
27.30 

23.99 

21.J7 

19.68 
18.15 
16.87 
15.79 

14.04 
12.66 
11.55 
10.63 
9.849 

9.182 
8.604 
8.097 
7.649 
7.250 
6.892 
6.568 

Isotherm 
derivative 

105 m3 • Pa/kg 

4.17 

4.69 
5.21 
5.73 
6.25 
7.29 

8.33 

9.36 
10.4 
12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.585 
0.508 
0.413 
0.313 
0.210 
0.106 
0.0861 
0.0690 
0.0510 

0.0334 
0.0182 
0.0119 
0.0153-

0.0209 
0.0269 
0.0328 
0.0585 
0.0797 

0.0982 

O.ll!:i 

0.131 
0.146 
0.160 
0.174 

0.200 
0.225 
0.250 
0.274 
0.298 

0.321 
0.344 
0.367 
0.390 
0.412 
0.434 
0.457 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.0140 
0.0124 
0.0112 
0.0102 
0.00933 
0.00800 

0.00700 

0.00622 
0.00560 
0.00467 
0.00400 
0.00350 
0.00311 
0.00280 
0.00255 
0.00233 
0.00215 

0.00200 
0.00187 

2.63 
3.56 
4.06 
4.24 
4.09 
3.56 
3.39 
3.19 
2.97 

2.69 
2.32 
1.84 
1.47 
1.26 
1.12 
1.02 
0.760 
0.630 

0.547 

0.407 

0.442 
0.405 
0.375 
0.350 

0.309 
0.278 
0.253 
0.232 
0.214 

0.199 
0.186 
0.17S 
0.165 
0.156 
0.148 
0.141 

Internal 
energy 
kJ/kg 

623.1 
701.1 
779.0 
856.9 
934.8 

1091.0 

1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
3428.0 

3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 

kJ/kg 

1039.0 

1169.0 
1299.0 
1429.0 
1559.0 
1818.0 

2078.0 

2338.0 
2597.0 
3117.0 

3636.0 
4155.0 
4675.0 
5194.0 
5713.0 
6232.0 
6752.0 

7271.0 
7790.0 

3.0 X 1()+-5 pascal Isobar 

-10.97 
-10.03 

-8.891 
-7.468 
-5.648 
-3.083 
-2.388 
-1.572 
-0.6902 

0.4224 
2.015 
4.447 
6.664 
8.227 
9.399 

10.35 
13.73 
16.24 

18.44 

20.46 

22.39 
24.24 
26.04 
27.Sl 

31.25 
34.62 
37.95 
41.24 
44.52 

47.78 
51.03 
54.26 
57.48 
60.69 
63.89 
67.08 

-8.992 
-8.012 
-6.804 
-5.294 
-3.337 
-0.5175 

0.2642 
1.195 
2.217 

3.535 
5.495 
8.677 

11.80 
14.14 
15.95 
17.46 
23.01 
27.23 
30.94 

34.37 

37.63 
40.77 
43.82 
MdH 
52.62 
58.31 
63.92 
69.47 
74.98 

80.46 
85.90 
91.31 
96.70 

102.1 
107.4 
112.8 

Entropy 
kJ/kg ·K 

27.30 
27.92 
28.46 
28.96 
29.41 
30.21 
30.90 

31.52 
32.06 
33.01 
33.81 
34.50 
35.12 
35.66 
36.16 
36.61 
37.02 

37.41 
37.77 

1.992 
2.354 
2.730 
3.134 
3.594 
4.183 
4.336 
4.515 
4.709 

4.955 
5.315 
5.888 
6.441 
6.847 
7.158 
7.412 
8.301 
8.929 

9.441 

9.004 

10.28 
10.64 
10.97 
11.27 

11.83 
12.33 
12.77 
13.19 
13.57 

13.92 
14.25 
14.56 
14.85 
15.13 
15.39 
15.63 

C,. I Cp 

kJ/kg ·K 

3.117 
3.117 
3.117 
3.117 
3:117 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

3.116 
3.116 

1.775 
1.881 
2.064 
2.218 
2.398 
2.643 
2.703 
2.754 
2.773 

2.841 
2.955 
3.141 
3.219 
3.232 
3.227 
3.217 
3.167 
3.137 

3.121 

3.112 

3.108 
3.107 
3.107 
3.l0S 

3.109 
3.112 
3.115 
3.117 
3.119 

3.121 
3.122 
3.122 
3.123 
3.123 
3.123 
3.124 

5.194 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 

1.905 
2.224 
2.739 
3.423 
4.524 
7.018 
8.023 
9.265 

11.35 

15.45 
24.82 
34.83 
26.93 
20.31 
16.39 
13.98 
9.301 
7.816 
7.091 

6.663 

6.383 
6.186 
6.041 
5.929 

5.779 
5.676 
5.601 
5.544 
5.499 

5.459 
5.427 
.'1.101 
S.:H9 
S.:~60 

:).:\14 

s.:no 

Velocity 
of sound 

mls 

833.7 
884.1 
931.7 
977.0 

1020.0 
1102.0 
1178.0 

1249.0 
1316.0 
1442.0 
1557.0 
1665.0 

. 1766.0 

1861.0 
1952.0 

2039.0 
2122.0 

2202.0 
2279.0 

250.6 
245.0 
234.1 
219.9 
199.2 
167.7 
159.8 
152.4 
144.5 

134.7 
123.7 
114.6 
lI3.1 
114.6 
116.9 
119.4 
131.1 
140.9 

149.4 

l:i7.0 

163.9 
170.3 
176.3 
lS2.1 

192.8 
202.7 
212.0 
220.8 
229.1 

237.1 
244.7 
252.0 

·259.1 

266.0 
272.6 
279.1 



Temper-
ature 

K 

23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38;0 
40.0 

45.0 

50.0 
55.0 
60.0 
6:).0 

70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 

1300.0 

Density 
kg/m3 

6.275 
6.007 
5.761 

5.536 
5.134 
4.788 
4.486 
4.221 
3.985 
3.775 
3.586 

3.197 

2.869 
2.609 
2.392 
2.209 
2.052 
1.915 
1.796 
1.597 
1.438 

1.151 
0.9600 
0.8232 
0.7205 
0.6406 
0.5767 
0.5243 
0.4807 
0.4121 
0.3607 

0.3207 
0.2886 
0.2406 
0.2062 
0.1804 
0.1604 
0.1444 
0.1313 
0.1203 

O.llll 

0.1031 
0.09626 

2.143 152.7 
2.5 
3.0 
3.5 
4.0 
4 . .5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 

151.6 
148.9 
]44.9 
139.5 
132.0 
120.8 
II7.7 
114.2 
1l0.6 

106.5 
101.5 
95.36 

Isotherm 
derivative 

105 m3 • P a/kg 

0.479 
0.500 
0.522 

0.544 
0.587 
0.630 
0.673 
0.715 
0.758 
0.800 
0.842 

0.949 

1.05 
1.16 
1.26 
1.37 

1.47 
1.57 
1.68 
1.89 
2.10 

2.61 
3.13 
3.65 
4.17 
4.69 
5.21 
5.73 
6.25 
7.29 
8.33 

9.36 
lOA 
12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 

27.0 

29.1 
31.2 

0.610 
0.532 
0.439 
0.341 
0.240 
0.]38 
0.]20 
0.104 
0.0866 

0.0697 
0.0536 
0.0390 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.134 
0.128 
0.123 

0.118 
0.109 
0.102 
0.0950 
0.0893 
0.0842 
0.0797 
0.0756 

0.0671 

0.0603 
0.0547 
0.0501 
0.0463 
0.0429 
0.0401 
0.0375 
0.0334 
0.0300 

0.0240 
0.0200 
0.0171 
0.0150 
0.0133 
0.0120 
0.0109 
0.0100 
0.00857 
0.00750 

0.00667 
0.00600 
0.00500 
0.00429 
0.00375 
0.00333 
0.00300 
0.00273 
0.00250 

0.00231 

0.00214 
0.00200 

2.61 
·3.57 
4.10 
4.31 
4.21 
3.77 
3.63 
3.48 
3.31 

3.13 
2.92 
2.68 

Internal 
energy 
kJ/kg 

70.27 
73.45 
76.62 

79.80 
86.13 
92.44 
98.75 

105.0 
111.3 
117.6 
123.9 

139.6 

155.2 
170.9 
186.5 
202.1 
217.8 
233.4 
249.0 
280.2 
311.4 

389.4 
467.3 
545.2 
623.1 
701.1 
779.0 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
21BI.0 
2493.0 
2804.0 
3116.0 
3428.0 
3739.0 

4051.0 

Enthalpy 
kJ/kg 

lIB. 1 
123.4 
128.7 

134.0 
144.6 
155.1 
165.6 
176.1 
186.6 
197.1 
207.6 

233.7 

259.B 
285.9 
311.9 
338.0 
364.0 
390.0 
416.0 
468.0 
520.0 

649.9 
779.8 
909.7 

1040.0 
1169.0 
1299.0 
1429.0 
1559.0 
1818.0 
2078.0 

2338.0 
2597.0 
3117.0 
3636.0 
4155.0 
4675.0 
5194.0 
5713.0 
6232.0 

6752.0 

3.5 X 10+5 pascal Isobar 

-] 1.00 
-10.08 
-8.963 
-7.584 
-5.845 
-3.496 
-2.899 
-2.233 
-1.558 

-0.8029 
0.07009 
I.II9 

-8.698 
-7.735 
-6.548 
-5.075 
-3.193 
-0.5991 

0.073]7 
0.8314 
1.606 

2.485 
3.518 
4.789 

Entropy 
kJ/kg ·K 

15.87 
16.10 
16.31 

16.52 
16.91 
17.28 
17.62 
17.93 
IB.23 
18.52 
18.79 

19.40 

19.95 
20.45 
20.90 
21.32 
21.71 
22.06 
22.40 
23.01 
23.56 

24.72 
25.67 
26.47 
27.16 
27.77 
28.32 
28.82 
29.27 
30.07 
30.76 

31.37 
31.92 
32.87 
33.67 
34.36 
34.97 
35.52 
36.01 
36.47 

36.88 

37.27 
37.62 

1.977 
2.334 
2.704 
3.099 
3.541 
4.082 
4.214 
4.358 
4.506 

4.670 
4.860 
5.089 

Cl • I Cp 

kJ/kg ·K 

3.124 
3.124 
3.124 

3.123 
3.123 
3.123 
3.123 
3.122 . 
3.122 
3.122 
3.122 

3.121 

3.120 
3.120 
3.120 
3.119 
3.119 
3.119 
3.119 
3.118 
3.118 

3.118 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.116 
3.116 

3.116 
3.116 
3.116 
3.116 . 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
:U1tl 

1.753 
1.873 
2.055 
2.206 
2.381 
2.608 
2.660 
2.696 
2.696 

2.729 
2.774 
2.835 

5.318 
5.307 
5.298 

5.290 
5.276 
5.265 
5.256 
5.249 
5.242 
5.237 
5.232 

5.224 

5.217 
5.213 
5.209 
5.207 
5.204 
5.203 
5.201 
5.199 
5.198 

5.196 
5.195 
5.194 

.5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 

5.193 
!; 1Q:1. 

1.874 
2.]98 
2.692 
3.330 
4.295 
6.]21 
6.714 
7.340 
8.190 

9.441 
11.29 
14.]8 

Velocity 
of sound 

m/s 

285.4 
291.6 
297.6 

303.5 
314.9 
325.9 
336.5 
346.7 
356.7 
366.3 
375.7 

39R2 

419.5 
439.7 
459.0 
477.5 
495.3 
512.5 
529.1 
560.9 
591.0 

660.1 
722.7 
780.2 
833.8 
884.2 
931.8 
977.1 

1020.0 
1102.0 
1178.0 

1249.0 
1317.0 
1442.0 
1557.0 
1665.0 
1766.0 
1861.0 
1952.0 
2039.0 

2122.0 

2202.0 
??79.0 

255.3 
249.9 
239.8 
226.7 
207.9 
180.2 
173.8 
168.1 
162.2 

155.2 
147.7 
139.6 
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Temper-
ature 

K 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 

12.0 
13.0 
14.0 
16.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.Q 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 

175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

Density 
kg/m 3 

87.50 
77.87 
68.30 
60.78 
41.92 
34.04 
29.34 

26.08 
23.61 
21.66 
20.06 
18.71 
16.56 

14.90 
13.56 
12.46 
11.53 

10.74 
10.06 
9.460 
8.933 
8.464 
8.043 
7.663 
7.319 
7.006 
6.718 

6.454 
5.985 
5.581 
5.229 
4.919 
4.645 
4.399 
4.179 

3.715 
3.344 
3.041 
2.788 
2.574 
2.391 
2.232 
2.094 
1.862 
1.67£ 

1.342 
1.119 

0.9600 
0.8403 
0.7472 
0.6726 
0.6116 
0.5607 
0.4807 
0.4207 

0.3740 
0.3367 
0.2806 
0.2406 
0.2105 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.0273 
0.0209 
0.0208 
0.0237 
0.0467 
0.0692 
0.0890 

0.107 
0.124 
0.139 
0.154 
0.169 
0.196 

0.222 
0.247 
0.272 
0.296 

0.320 
0.343 
0.366 
0.389 
0.412 
0.434 
0.457 
0.479 
0.501 
0.523 

0.545 
0.588 
0.631 
0.674 
0.717 
0.759 
0.802 
0.844 

0.950 
1.05 
1.16 
1.26 
1.37 
1.47 
1.58 
1.68 
1.89 

2.10 

2.62 
3.14-

3.66 
4.18 
4.70 
5.21 
5.73 
6.25 
7.29 
8.33 

9.37 
10.4 
12.5 
14.6 
16.6 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

2.39 
2.07 
1.78 
1.55 
1.02 
0.804 
0.682 

0.599 
0.538 
0.490 
0.451 
0.419 
0.368 

0.330 
0.299 
0.274 
0.253 

0.234 
0.219 
0.205 
0.193 
0.183 
0.173 
0.165 
0.157 
0.150 
0.144 

0.138 
0.128 
0.119 
0.111 
0.104 
0.0984 
0.0931 
0.0883 

0.0783 
0.0704 
0.0639 
0.0585 
0.0540 
0.0501 
0.0468 
0.0438 
U.U;.i!.W 

0.0350 

0.0280 
0.0233 

0.0200 
0.0175 
0.0156 
0.0140 
0.0127 
0.0117 
0.0100 
0.00875 

0.00778 
0.00700 
0.00583 
0.00500 
0.00437 

Internal 
energy 
kJ/kg 

2.432 
4.059 
5.776 
7.245 

11.99 
14.99 
17.42 

19.60 
21.62 
23.55 
25.42 
27.24 
3U:I4 

34.16 
37.52 
40.85 
44.15 

47.44 
50.71 
53.97 
57.20 
60.43 
63.64 
66.85 
70.05 
73.24 
76.42 

79.60 
85.95 
92.28 
98.60 

104.9 
111.2 
117.5 
123.8 

139.5 
155.2 
170.8 
186.5 
202.1 
217.7 
233.3 
248.9 
~tsU.~ 

311.4 

389.3 
467.3 

545.2 
623.1 
701.1 
779.0 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 

Enthalpy 
kJ/kg 

6.431 
8.554 

10.90 
13.00 
20.34 
25.27 
29.35 

33.02 
36.45 
39.71 
42.87 
45.94 
:>1$1 

57.65 
63.33 
68.94 
74.50 

80.03 
85.51 
90.96 
%.38 

101.8 
107.2 
112.5 
117.9 
123.2 
128.5 

133.8 
144.4 
155.0 
165.5 
176.1 
186.6 
197.1 
207.5 

233.7 
259.8 
285.9 
312.0 
338.0 
364.1 
390.1 
416.1 
~.1 

520.1 

650.1 
790.0 

909.8 
1040.0 
1170.0 
1299.0 
1429.0 
1559.0 
1819.0 
2078.0 

2338.0 
2598.0 
3117.0 
3636.0 
4155.0 

Entropy 
kJ/kg ·K 

5.379 
5.748 
6.150 
6.503 
7.682 
8.414 
8.978 

9.451 
9.867 

lO.24 
10.58 
lO.90 
11.40 

11.97 
12.42 
12.84 
13.22 

13.58 
13.91 
14.22 
14.52 
14.79 
15.05 
15.30 
15.54 
15.77 
15.99 

16.19 
16.59 
16.95 
17.29 
17.6~ 
17.91 
18.19 
18.46 

19.08 
19.63 
20.13 
20.58 
21.00 
21.38 
21.74 
22.08 
2~.69 

23.24 

24.40 
25.35 

26.15 
26.84 
27.45 
28.00 
28.49 
28.95 
29.75 
30.44 

31.05 
31.60 
32.55 
33.35 
34.04 

Ct· I C" 

kJ/kg ·K 

2.920 
3.029 
3.129 
3.166 
3.170 
3.141 
3.123 

3.113 
3.108 
3.106 
3.106 
3.106 
j.lUts 

3.111 
3.114 
3.117 
3.120 

3.121 
3.123 
3.123 
3.124 
3.124 
3.125 
3.125 
3.125 
3.125 
3.125 

3.125 
3.124 
3.124 
3.124 
3.123 
3.123 
3.123 
3.123 

3.122 
3.121 
3.121 
3.120 
3.120 
3.120 
3.119 
3.119 
3.119 

3.ll8 

3.118 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 

18.52 
22.64 
22.34 
19.67 
11.35 
8.789 
7.671 

7.057 
6.672 
6.410 
6.221 
6.078 
!>.tsIJU 

5.764 
5.674 
5.605 
5.552 

5.505 
5.467 
5.436 
5.410 
5.388 
5.369 
5.353 
5.339 
5.326 
5.316 

5.306 
5.290 
5.277 
5.266 
5.258 
5.250 
5.244 
5.239 

5.229 
5.221 
5.216 
5.212 
5.209 
5.206 
5.204 
5.203 
5.20U 

5.199 

5.196 
5.195 

5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

Velocity 
of sound 

m/s 

131.6 
125.0 
121.9 
121.4 
129.3 
139.1 
147.9 

155.7 
162.9 
169.5 
175.7 
181.6 
192.:> 

202.6 
212.1 
221.0 
229.4 

237.4 
245.1 
252.5 
259.6 
266.5 
273.1 
279.6 
286.0 
292.1 
298.2 

304.1 
315.5 
326.5 
337.1 
347.3 
357.3 
366.9 
376.3 

398.8 
420.1 
440.3 
459.5 
478.0 
495.8 
513.0 
529.6 
561.4 

591.4 

660.5 
723.0 

780.5 
834.1 
884.4 
932.0 
977.3 

1021.0 
1102.0 
1178.0 

1249.0 
1317.0 
1442.0 
1557.0 
1665.0 



Temper· 
ature 

K 

900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rn 3 

0.1871 
0.1684 
0.1531 
0; 1404 
0.1296 

0.1203 
0.1123 

• . 2.138 153.5 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 

5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 

152.5 
149.8 
146.1 
140.9 
133.9 
123.9 

121.3 
118.4 
115.5 

112.3 
108.8 
104.7 
100.0 
94.51 
88.05 
80.84 
53.65 
41.78 
35.24 

30.92 
27.77 
25.33 
23.36 
21.72 
19.15 
17.17 
15.60 
14.31 
13.23 

12.31 
11.52 
10.83 
10.22 
9.678 
9.194 
8.758 
8.363 

8.004 
7.674 

7.372 
6.835 
6.373 
5.970 
5.616 
5.302 
5.022 
4.770 

4.240 

Isotherm 
derivative 

105 rn3 • Pa/k"g 

18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.633 
0.557 
0.464 
0.367 
0.268 
0.169 

0.151 
0.135 
0.119 

0.102 
0.0863 
0.0712 
0.0572 
0.0451 
0.0357 
0.0302 
0.0399 
0.0607 
0.0809 

0.100 
0.117 
0.133 
0.149 

.0.164 
0.191 
0.218 
0.244 
0.269 
0.294 

0.318 
0.342 
0.365 
0.389 
0.411 
0.434 
0.457 
0.479 

0.501 
0.523 

0.545 
0.589 
0.632 
0.675 
0.718 
0.761 
0.804 
0.846 

0.952 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.00389 
0.00350 
0.00318 
0.00292 
0.00269 

0.00250 
0.00233 

2.59 
3.58 
4.14 
4.38 
4.32 
3.Y4 

3.82 
3.70 
3.56 

3.42 
3.26 
3.09 
2.89. 
2.67 
2.44 
2.19 
1.35 
1.01 
0.836 

0.723 
0.642 
0.580 
0.532 
0.491 
0.430 
0.384 
0.347 
0.317 
0.292 

0.271 
0.252 
0.236 
0.222 
0.210 
0.199 
0.189 
0.180 

0.172 
0.165 

0.158 
0.146 
0.136 
0.127 
0.119 
0.113 
0.107 
0.101 

0.0896 

Internal 
energy 
kJ/kg 

2804.0 
3116.0 
3428.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

4675.0 
5194.0 
5713.0 
6233.0 
6752.0 

7271.0 
7791.0 

4.0 X 1()1-5 pascal Isobar 

-11.02 
-10.12 
-9.028 
-7.687 
-6.015 
-3.819 

-3.281 
-2.694 
-2.114 

-1.489 
-0.8071 
-0.04926 

0.8073 
1.793 
2.938 
4.235 
9.98 

13.59 
16.33 

18.69 
20.83 
22.85 
24.78 
26.65 
30.22 
33.69 
37.10 
40.46 
43.78 

47.10 
50.40 
53.67 
56.93 
60.17 
63.40 
66.62 
69.83 

73.03 
76.22 

79.41 
85.78 
92.12 
98.45 

104.8 
111.1 
117.4 
123.7 

139.4 

-8.403 
-7.456 
-6.289 
-4.848 
-3.027 
-U.5911 

0.01650 
0.6847 
1.349 

2.071 
2.870 
3.770 
4.806 
6.026 
7.481 
9.183 

17.43 
23.16 
27.68 

31.62 
35.24 
38.64 
41.90 
45.06 
51.11 
56.98 
62.74 
68.41 
74.02 

79.60 
85.12 
90.61 
96.07 

101.5 
106.9 
112.3 
117.7 

123.0 
128.3 

133.7 
144.3 
154.9 
165.5 
176.0 
186.5 
197.0 
207.5 

233.7 

Entropy CL• I Cp 

kJ/kg ·K kJ/kg ·K 

34.65 
35.20 
35.69 
36.15 
36.56 

36.95 
37.30 

3.116 
3.116 
3.116 
3.116· 
3.116 

3.116 
3.116 

1.964 1.732 
2.316 1.865 
2.680 2.047 
3.066 2.194 
3.494 2.365 
4.U02 2.581 

4.121 2.628 
4.247 2.657 
4.374 2.650 

4.509 2.671 
4;656 2.699 
4.818 2.733 
5.001 2.777 
5.214 2.832 
5.462 2.899 
5.749 2.977 
7.073 3.147 
7.923 3.138 
8.548 3.122 

9.057 3.112 
9.495 3.107 
9.884 3.105 

10.24 3.104 
10.56 3.105 
J1.14 3.107 
11.65 3.ll0 
12.11 3.114 
12.53 3.117 
1?92 3120 

13.28 3.122 
13.61 3.123 
13.93 3.124 
14.22 3.125 
14.50 3.125 
14.77 3.126 
15.02 3.126 
15.25 . 3.120 

15.48 3.126 
15.70 3.126 

15.91 3.126 
16.30 3.126 
16.67 3.125 
17.01 3.125 
17.33 3.125 
17.63 3.124 
17.91 3.124 
18.18 3.123 

18.80 3.123 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.846 
2.173 
2.651 
3.250 
4.116 
5.575 

5.992 
6.400 
6.895 

7.564 
8.426 
9.566 

11.10 
13.13 
15.54 
17.57 
13.49 
9.931 
8.340 

7.498 
6.988 
6.651 
6.412 
6.235 
6.004 
5.853 
5.747 
5.667 
5_605 

5.551 
5.507 
5.471 
5.441 
5.416 
5.394 
5.376 
5.360 

5.345 
5.333 

5.322 
5.304 
5.289 
5.277 
5.267 
5.258 
5:251 
5.245 

5.234 

Velocity 
of sound 

m/s 

1766.0 
1861.0 
1952.0 
2039.0 
2122.0 

2202.0 
2279.0 

259.7 
254.7 
245.2 
233.1 
215.8 
1~U.9 

185.3 
180.6 
175.9 

170.2 
164.1 
157.8 
151.2 
144.6 
138.4 
133.4 
130.7 
138.6 
147.0 

154.9 
162.2 
168.9 
175.2 
181.2 
192.4 
202.6 
212.2 
221.2 
229.8 

237.8 
245.5 
252.9 
260.1 
267.0 
273.7 
280.2 
286.5 
292.7 
298.8 

304.7 
316.1 
327.1 
337.7 
347.9 
357.9 
367.5 
376.9 

399.4 
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Temper· 
ature 

K 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
::S5U.U 

400.0 

450.0 
500.0 

600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/m 3 

3.817 
3.471 
3.183 
2.939 
2.730 
2.549 
2.391 
2.126 
1.915 

1.533 
1.279 
1.097 
0.9600 
0.8536 
0.7685 
0.6988 
0.6407 
U.5493 

0.4807 

0.4274 
0.3947 

0.3207 
0.2749 
0.2406 
0.2138 
0.1925 
0.1750 
0.1604 
0.1481 

0.1375 
0.1283 

2.127 155.0 
2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
B.5 
9.0 
9.5 

10.0 

154.0 
151.6 
148.2 
143.4 
137.2 

128.8 
126.7 
124.5 
122.3 

120.0 
117.6 
114.9 
112.0 
108.9 
105.5 
101.7 
78.53 
59.56 
48.57 

41.61 
36.77 
33.15 
30.31 
28.01 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.06 
1.16 
1.27 
1.37 
1.48 
1.58 
1.68 
1.89 
2.10 

2.62 
3.14 
3.66 
4.18 
4.70 
5.22 
5.74 
6.26 
7.29 
8.33 

9.37 
10.4 

12.5 
14.6 
16.6 
18.7 
20.8 
22.9 
24.9 
27.0 

29.1 
31.2 

0.678 
0.604 
0.513 
0.418 
0.321 

0.225 
0.208 
0.194 
0.177 

0.161 
0.146 
0.130 
0.116 
0.102 
0.0890 
0.0772 
0.0459 
0.0547 
0.0710 

0.0888 
0.106 
0.123 
0.139 
0.155 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 Pa/K 

0.0805 
0.0731 
0.0669 
0.0617 
0.0573 
0.0534 
0.0501 
0.0445 
0.0400 

0.0320 
0.0267 
0.0229 
0.0200 
0.0178 
0.0160 
0.0145 
0.0133 
0.0114 
0.0100 

0.00889 
0.00900 

0.00667 
0.00571 
0.00500 
0.00444 
0.00400 
0.00364 
0.00333 
0.00308 

0.00286 
0.00267 

2.55 
3.59 
4.20 
4.51 
4.51 

4.22 
4.13 
4.03 
3.93 

3.83 
3.71 
3.59 
3.46 
3.32 
3.17 
3.01 
2.15 
1.54 
1.21 

1.01 
0.878 
0.782 
0.708 
0.649 

Internal 
energy 
kJ/kg 

155.1 
170.7 
186.4 
202.0 
217.7 
233.3 
248.9 
280.1 
311.3 

389.3 
467.3 
545.2 
623.2 
701.1 
779.0 
856.9 
934.8 

1091.0 
1246.0 

1402.0 
1559.0 

1870.0 
2181.0 
2493.0 
2804.0 
3116.0 
3428.0 
3739.0 
4051.0 

4362.0 
4674.0 

Enthalpy 
kJ/kg 

259.9 
286.0 
312.1 
338.1 
364.2 
390.2 
416.2 
468.3 
520.3 

650.2 
780.1 
910.0 

1040.0 
i170.0 
1300.0 
1429.0 
1559.0 
1819.0 
2078.0 

2338.0 
2599.0 

3117.0 
3636.0 
4156.0 
4675.0 
5194.0 
5713.0 
6233.0 
6752.0 

7271.0 
7791.0 

5.0 X 10+5 pascal Isobar 

-11.05 
-10.18 
-9.139 
-7.863 
-6.297 

-4.310 
-3.841 
-3.341 

2.057 

-2.351 
-1.819 
-1.257 
-0.6594 
-0.01961 

0.6690 
1.414 
6.057 

10.57 
13.96 

16.74 
19.16 
21.38 
23.46 
25.44 

-7.813 
-6.895 
-5.764 
-4.377 
-2.653 

-0.4282 
0.1039 
0.6754 
1.230 

1.814 
2.433 
3.093 
3.803 
4.571 
5.408 
6.328 

12.42 
18.96 
24.26 

28.75 
32.76 
36.46 
39.95 
43.29 

Entropy 
kJ/kg ·K 

19.35 
19.85 
20.30 
20.72 
21.11 
21.47 
21.80 
22.41 
22.96 

24.12 
25.07 
25.87 
26.56 
27.18 
27.72 
28.22 
28.67 
29.47 
30.16 

30.78 
31.32 

32.27 
33.07 
33.76 
34.37 
34.92 
35.42 
35.87 
36.28 

36.67 
37.03 

1.938 
2.282 
2.636 
3.008 
3.413 

3.876 
3.980 
4.087 
4.193 

4.302 
4.416 
4.535 
4.661 
4.795 
4.938 
5.093 
6.067 
7;037 
7.769 

8.350 
8.836 
9.259 
9.637 
9.98 

Ct, I Cp 

kJ/kg ·K 

3.122 
3.121 
3.121 
3.121 
3.120 
3.120 
3.120 
3.119 
3.119 

3.11B 
3.118 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.116 

3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 
3.116 

3.116 
3.116 

1.692 
1.849 
2.029 
2.173 
2.338 

2.539 
2.582 
2.605 
2.589 

2.601 
2.617 
2.636 
2.658 
2.684 
2.714 
2.749 
2.975 
3.093 
3.106 

3.104 
3.102 
3.100 
3.100 
3.102 

5.225 
5.219 
5.215 
5.211 
5.208 
5.206 
5.204 
5.201 
5.200 

5.197 
5.195 
5.194 
5.194 
5.194 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.793 
2.128 
2.577 
3.118 
3.851 

4.920 
5.186 
5.425 
5.676 

6.001 
6.379 
6.822 
7.344 
7.962 
8.695 
9.553 

13.59 
11.67 
9.665 

8.430 
7.665 
7.]63 
6.815 
6.563 

Velocity 
of sound 

m/s 

420.6 
440.8 
460.1 
478.6 
496.4 
513.5 
530.1 
561.8 
591.8 

660.9 
723.4 
780.9 
834.4 
884.7 
932.3 
977.6 

1021.0 
ll02.0 
1178.0 

1249.0 
1317.0 

1442.0 
1558.0 
1665.0 
1766.0 
1861.0 
1952.0 
2039.0 
2122.0 

2202.0 
2279.0 

268.1 
263.6 
255.3 
244.8 
229.8 

208.9 
204.3 
200.8 
197.2 

192.9 
188.4 
183.7 
178.9 
173.9 
168.8 
163.8 
144.9 
143.6 
148.6 

155.3 
162.1 
168.7 
175.0 
181.0 



Temper. 
ature 

K 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

4!\.O 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

200.0 
225.0 
250.0 
27!\.O 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

900.0 
1000.0 
llOO.O 
1200.0 

1300.0 

1400.0 
1500.0 

Density 
kg/m3 

24.48 
21.82 
19.74 
18.05 
16.65 

15.47 
14.45 
13.57 
12.80 
12.11 
11.50 
10.95 
10.4!\ 
10.00 
9.583 

9.204 
8.530 
7.951 
7.447 
7.005 
6.613 
6.264 
5.950 

5.2RR 

4.761 
4.330 
3.971 
3.667 
3.406 
3.181 
2.983 
2.654 
2.390 

1.914 
1.597 
1.370 

1.199 
1.066 
0.9600 
O.Rno 

0.8004 
0.6863 
0.6007 

0.5341 
0.4808 
0.4007 
0.3436 
0.3007 

0.2673 
0.2406 
0.2187 
0.2005 

0.1851 

0.1719 
0.1604 

2.116 156.4 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.184 
0.212 
0.239 
0.265 
0.290 

0.315 
0.340 
0.364 
0.387 
0.411 
0.434 
0.457 
0.480 
0.502 
0.524 

0.547 
0.591 
0.635 
0.678 
0.721 
0.764 
0.807 
0.850 

0.9:;6 

1.06 
1.17 
1.27 
1.38 

·1.48 
1.59 
1.69 
1.90 
2.11 

2.63 
3.15 
3.67 

4.19 
4.70 
5.22 
:;.74 

6.26 
7.30 
8.34 

9.38 
10.4 
12.5 
14.6 
16.6 

18.7 
20.8 
22.9 
21.9 

27.0 

29.1 
31.2 

THERMODYNAMIC PROPERTIES OF HELIUM 4 999 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10sPa/K 

0.561 
0.496 
0.446 
0.4Q6 
0.373 

0.345 
0.321 
0.300 
0.282 
0.266 
0.252 
0.239 
0.227 
0.217 
0.208 

0.199 
0.184 
0.171 
0.160 
0.150 
0.141 
0.134 
0.127 

0.112 
0.101 
0.0915 
0.0837 
0.0772 
0.0717 
0.0668 
0.0626 
0.0556 
0.0501 

0.0400 
0.0333 
0.0286 

0.0250 
0.0222 
0.0200 
o OlR? 

0.0167 
0.0143 
0.0125 

0.0111 
0.0100 
0.00833 
0.00714 
0.00625 

0.00555 
0.00500 
0.00454 
0.00117 

0.00385 

0.00357 
0.00333 

Internal 
energy 
kJ/kg 

29.17 
32.75 
36.24 
39.66 
43.04 

46.42 
49.76 
53.08 
56.37 
59.64 
62.90 
66.15 
69.38 
72.61 
75.82 

79.03 
85.43 
91.80 
98.16 

104.5 
110.8 
117.1 
123.5 

139.2 

154.9 
170.6 
186.3 
201.9 
217.6 
233.2 
248.8 
280.1 
311.3 

389.3 
467.3 
545.2 

623.2 
701.1 
779.0 
RSn <) 

934.8 
1091.0 
1246.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 

2805.0 
3116.0 
3428.0 
3739.0 

4051.0 

4363.0 
4674.0 

Enthalpy 
kJ/kg 

49.60 
55.66 
61.56 
67.36 
73.07 

78.75 
84.36 
89.92 

.95.44 
100.9 
106.4 
111.8 
117.2 
122.6 
128.0 

133.4 
144.0 
154.7 
165.3 
175.9 
186.4 
197.0 
207.5 

2.~::\.7 

259.9 
286.1 
312.2 
338.3 
364.4 
390.4 
416.4 
468.5 
520.5 

650.5 
780.4 
910.3 

1040.0 

1170.0 
1300.0 
14~O 0 

1560.0 
1819.0 
2079.0 

2338.0 
2598.0 
3117.0 
3637.0 
4156.0 

4675.0 
5195.0 
5714.0 
6233.0 

6752.0 

7272.0 
7791.0 

6.0 X 10+5 pascal Isobar 

Entropy 
kJ/kg ·K 

10.58 
11.11 

11.58 
12.01 
12.41 

12.77 
13.11 
13.43 
13.73 
14.01 
14.28 
14.53 
14.77 
15.00 
15.22 

15.43 
15.83 
16.19 
16.54 
16.86 
17.16 
17.44 
17.71 

1R33 

18.88· 
19.38 
19.84 
20.26 
20.64 
21.00 
21.34 
21.95 
22.50 

23.66 
24.61 
25.41 

26.10 

26.71 
27.26 
n.75 

28.21 
29.01 
29.70 

30.31 
30.86 
31.81 
32.61 
33.30 

33.91 
34.46 
34.95 
35.40 

35.82 

36.21 
36.56 

Ct· I Cp 

kJ/kg·K 

3.103 
3.107 

3.112 
3.116 
3.120 

3.123 
3.125 
3.126 
3.127 
3.128 
3.128 
3.128 
3.128 
3.128 
3.128 

3.128 
3.128 
3.128 
3.127 
3.127 
3.126 
.3.126 
3.125 

3.124 

3.124 
3.123 
3.122 
3.122 
3.121 
3.121 
3.120 
3.120 
3.119 

3.119 
3.118 
3.110 

3.118 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
3.116 
3.110 

3.116 
3.116 
3.116 
3.116 

3.116 

3.116 
3.116 

6.238 
0.U34 

5.894 
5.791 
5.712 

5.642 
5.587 
5.541 
5.503 
5.471 
5.444 
5.421 
5.401 
5.383 
5.368 

5.354 
5.331 
5.312 
5.297 
5.285 
5.275 
5.266 
5.258 

5.244 

5.233 
5.226 
5.220 
5.215 
5.212 
5.209 
5.207 
5.204 
5.201 

5.198 
5.196 
5.195 

5.I94 
5.194 
5.194 
5:193-
'5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 

5.193 

5.193 
5.193 

Velocity 
of sound 

mls 

192.4 
:W:l.9 

212.6 
221.8 
230.5 

238.7 
246.4 
253.9 
261.1 
268.1 
274.8 
281.3 
287.7 
293.9 
300.0 

305.9 
317.3 
328.3 
338.9 
349.2 
359.1 
368.8 
378.1 

400.6 

421.8 
441.9 
461.2 
479.6 
497.4 
514.5 
531.1 
562.7 
592.7 

661.7 
724.1 
701.5 

835.0 
885.2 
932.8 
979.1 

1021.0 
1103.0 
1179.0 

1250.0 
1317.0 
1443.0 
1558.0 
1665.0 

1766.0 
1861.0 
1952.0 
2039.0 

2122.0 

2202.0 
2279.0 
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1000 

Temper-
ature 

K 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 

12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.U 

70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

Density 
kg/m 3 

155.5 
153.3 
150.0 
145.7 
140.0 
132.6 
130.9 
129.0 
127.2 

125.4 
123.4 
121.3 
llQ.1 

116.8 
114.3 
111.7 
95.80 
77.17 
62.75 

53.17 
46.46 
41.50 
37.67 
34.61 
29.99 

26.60 
23.97 
21.86 
20.12 

18.65 
17.40 
16.32 
15.38 
14.55 
13.80 
13.14 
12.53 
11.99 
11.49 

11.03 

10.22 
9.524 
8.919 
8.388 
7.918 
7.499 
7.123 

6.332 
5.700 
5.185 
4.755 
4.~n 

4.080 
3.810 
3.574 
3.179 
2.864 

2.295 
1.914 
1.642 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.722 
0.649 
0.560 
0.466 
0.371 
0.278 
0.261 
0.247 
0.231 

0.215 
0.200 
0.185 
0.170 

0.156 
0.142 
0.129 
0.0786 
0.0630 
0.0717 

0.0856 
0.101 
0.117 
0.133 
0.149 
0.179 

0.207 
'0.235 
0.261 
0.237 

0.313 
0.338 
0.362 
0.387 
0.410 
0.434 
0.457 
0.480 
0.503 
0.526 

0.::;40 

0.593 
0.637 
0.681 
0.725 
0.768 
0.811 
0.854 

0.961 
1.07 
1.17 
1.28 
1.~1:l 

1.49 
1.59 
1. 70 
1.90 
2.11 

2.63 
.'U!) 

3.67 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

2.51 
3.59 
4.26 
4.61 
4.66 
4.44 
4.37 
4.29 
4.21 

4.12 
4.03 
3.93 
383 

3.72 
3.61 
3.49 
2.81 
2.14 
1.66 

1.35 
1.15 
LOI 
0.905 
0.822 
0.702 

0.616 
0.551 
0.499 
0.457 

0.421 
0.391 
0.365 
0.342 
0.323 
0.305 
0.289 
0.275 
0.263 
0.251 

0.241 

0.222 
0.206 
0.192 
0.181 
0.170 
0.161 
0.152 

0.135 
0.121 
0.110 
0.101 
U.UY2'l 

0.0860 
0.0803 
0.0752 
0.0668 
0.0601 

0.0480 
0.0400 
0.0343 

Internal 
energy 
kJ/kg 

-11.07 
-10.24 

-9.231 
-8.008 
-6.523 
-4.677 
-4.250 
-3.798 
..,-3.366 

-2.920 
-2.457 
-1.976 
-14.75 

-0.9521 
-0.4029 

0.1743 
3.582 
7.750 

11.58 

14.72 
17.43 
19.86 
22.10 
24.21 
28.10 

31.80 
35.37 
38.87 
42.31 

45.74 
49.13 
52.49 
55.82 
59.12 
62.41 
65.68 
68.94 
72.19 
75.42 

70.6::; 

85.08 
91.48 
97.86 

104.2 
1l0.6 
116.9 
123.2 

139.0 
154.8 
170.5 
186.2 
2U1.1:l 

217.5 
233.1 
248.8 
280.0 
311.3 

389.3 
467.3 
545.2 

Enthalpy 
kJ/kg 

-7.224 
-6.333 
-5.232 
-3.890 
-2.239 
-0.1544 

0.3333 
0.8515 
1.349 

1.866 
2.404 
2.968 
~.561 

4.185 
4.845 
5.546 
9.845 

15.53 
21.15 

26.00 
30.34 
34.31 
38.02 
41.54 
48.11 

54.36 
60.41 
66.32 
72.13 

77.91 
83.60 
89.24 
94.83 

100.4 
105.9 
111.4 
116.8 
122.2 
127.7 

133.0 

143.8 
154.5 
165.1 
175.8 
186.3 
196.9 
207.5 

233.8 
260.0 
286.2 
312.3 
3~1:l.4 

364.5 
390.6 
416.7 
468.7 
520.8 

650.8 
780.7 
910.6 

Entropy 
kJ/kg ·K 

1.916 
2.250 
2.596 
2.957 
3.345 
3.778 
3.872 
3.970 
4.064 

4.161 
4.260 
4.362 
4..4.n7 

4.576 
4.689 
4.807 
5.495 
6.337 
7.113 

7.741 
8.267 
8.721 
9.122 
9.484 

10.11 

10.66 
11.14 
11.58 
11.90 

12.35 
12.70 
13.02 
13.32 
13.61 
13.88 
14.13 
14.37 
14.61 
14.83 

1::;.04 

15.44 
15.81 
16.15 
16.47 
16.77 
17.06 
17.33 

17.95 
18.50 
19.00 
19.46 
lY.I:l"1 

20.26 
20.62 
20.96 
21.57 
22.12 

23.28 
24.23 
25.03 

Ct· I Cp 

kJ/kg ·K 

1.655 
1.833 
2.011 
2.153 
2.314 
2.508 
2.548 
2.567 
2.549 

2.557 
2.568 
2.581 
? SQ7 

2.614 
2.634 
2.657 
2.804 
2.975 
3.062 

3.082 
3.089 
3.092 
3.094 
3.097 
3.099 

3.104 
3.110 
3.115 
3.120 

3.123 
3.126 
3.127 
3.129 
3.129 
3.130 
3.130 
3.131 
3.131 
3.131 

3.130 

3.130 
3.130 
3.129 
3.129 
3.128 
3.128 
3.127 

3.126 
3.125 
3.124 
3.123 
~.1~3 

3.122 
3.122 
3.121 
3.121 
3.120 

3.119 
3.119 
3.118 

1.745 
2.087 
2.515 
3.013 
3.660 
4.527 
4.727 
4.899 
5.060 

5.271 
5.506 
5.769 
6.064 

6.395 
6.767 
7.185 
9.931 

11.49 
10.34 

9.142 
8.268 
7.652 
7.211 
6.889 
0.470 

6.212 
6.038 
5.912 
5.816 

5.732 
5.665 
5.610 
5.564 
5.526 
5,493 
5.465 
5.441 
5.420 
5.402 

5.305 

5.358 
5.336 
5.318 
5.303 
5.290 
5.280 
5.271 

5.254 
5.241 
5.232 
5.225 
!:>.:!:W 

5.216 
5.212 
5.210 
5.206 
5.203 

5.199 
5.196 
5.195 

Velocity 
of sound 

mls 

275.9 
271.8 
264.5 
255.4 
242.2 
223.8 
220.0 
217.1 
214.2 

210.7 
207.0 
203.1 
lQQ.2 

195.1 
191.0 
186.8 
166.9 
155.9 
155.6 

159.3 
164.5 
170.3 
176.1 
181.9 
193.1 

203.5 
213.4 
222.7 
231.5 

239.6 
247.5 
255.0 
262.2 
269.2 
275.9 
282.5 
288.9 
295.1 
301.2 

307.1 

318.6 
329.6 
340.2 
350.4 
360.3 
370.0 
379.4 

401.8 
422.9 
443.1 
462.3 
4l:!U:1 

498.4 
515.5 
532.0 
563.7 
593.6 

662.4 
724.8 
782.1 



Temper· 
ature 

K 

200.0 
225.0 
250.0 
275.0 
300.0 
35U.U 

400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.104 
2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18;0 
19.0 
20.0 
21.0 
22.0 

Density 
kg/m 3 

1.438 
1.279 
1.151 
1.047 
0.9601 
U.8233 

0.7206 

0.6407 
0.5768 
0.4808 
0.4122 
0.3607 
0_3207 

0.2887 
0.2624 
0.2406 
0.2221 

0.2062 
0.1925 

157.8 
156.9 
154.8 
151.8 
147.7 
142.5 

135.9 
134.3 
132.7 
131.1 

129.5 
127.9 
126.1 
124.3 
122.4 
120.4 
118.3 
106.1 
9l.23 
76.22 

64.65 
56.34 
50.10 
45.27 
41.42 

35.66 
31.47 
28.26 
25.71 
23.61 

21.86 
20.37 
19.09 
17.97 
16.98 
16.11 
15.32 

Isotherm 
derivative 

105 m3 • Pa/kg 

4.19 
4.71 
5.23· 

5.75 
6.27 
7.31 

8.34 

9.38 
10.4 
12.5 
14.6 
16.6 
UL7 

20.8 
22.9 
25.0 
27.0 

29.1 
31.2 

0.763 
0.692 
0.605 
0.512 
0.419 

0.327 
0.311 
0.297 
0.282 

0.266 
0.250 
0.235 
0.221 
0.206 
0.192 
0.179 
0.121 
0.0871 
0.0807 

0.0898 
0.102 
0.116 
0.131 
0.146 

0.175 
0.204 
0.231 
0.259 
0.285 

0.311 
0.337 
0.362 
0.386 
0.410 
0.434 
0.458 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 Pa/K 

0.0300 
0.0267 
0.0240 
0.0218 
0.0200 
0.0171 

0.0150 

0.0133 
0.0120 
0.0100 
0.00857 
0.00750 
0.00667 

0.00600 
0.00545 
0.00500 
0.00461 

0.00428 
0.00400 

2.47 
3.59 
4.30 
4.70 
4.80 

4.63 
4.57 
4.51 
4.44 

4.36 
4.29 
4.20 
4.12 
4.03 
3.93 
3.83 
3.28 
2.67 
2.13 

1.73 
1.46 
1.27 
1.12 
1.01 

0.852 
0.743 
0.661 
0.596 
0.544 

0.500 
0.463 
0.432 
0.405 
0.381 
0.360 
0.341 

Internal 
energy 
kJ/kg 

623.2 
701.1 
779.0 
857.0 
934.9 

1091.U 

1247.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
2805.0 

3116.0 
3428.0 
3739.0 
4051.0 

4363.0 
4674.0 

Enthalpy 
kJ/kg 

1040.0 
1170.0 
1300.0 
1430.0 
1560.0 
1819.0 

2079.0 

2339.0 
2598.0 
3118.0 
3637.0 
4156.0 
4676.0 

5195.0 
5714.0 
6233.0 
6753.0 

7272.0 
7791.0 

7.0 X }()I"5 pascal Isobar 

-11.09 
-10.28 
-9.307 
-8.130 
-6.710 

-4.968 
-4.569 
-4.150 
-3.751 

-3.343 
-2.922 
-2.489 
-2.041 
-l.578 
-1.099 
-0.6029 

2.206 
5.631 
9.385 

12.80 
15.72 
18.33 
20.72 
22.% 

27.03 
30.85 
34.51 
38.08 
41.57 

45.06 
48.50 
51.90 
55.27 
58.61 
61.92 
65.22 

-6.636 
-5.769 
-4.696 
-3.392 
-1.799 

0.1830 
0.6409 
1.124 
1.586 

2.061 
2.552 
3.061 
3.590 
4.141 
4.715 
5.316 
8.802 

13.30 
18.57 

23.63 
28.14 
32:30 
36.19 
39.96 

46.67 
53.09 
59.28 
65.31 
71.22 

77.09 
82.86 
88.57 
94.22 
99.8 

105.4 
1l0.9 

Entropy 
kJ/kg'K 

25.72 
26.33 
26.88 
27.38 
27.83 
Z8.ti3 

29.32 

29.93 
30.48 
31.43 
32.23 
32.92 
33.53 

34.0B 

34.57 
35.03 
35.44 

35.83 
36.19 

1.895 
2.222 
2.560 
2.911 
3.286 

3.697 
3.785 
3.875 
3 .. 963 

4.052 
4.142 
4.234 
4.328 
4.424 
4.522 
4.624 
5.182 
5.850 
6.577 

7.231 
7.778 
8.254 
8.674 
9.052 

9.703 
10.26 
10.76 
11.21 
11.62 

11.99 
12.34 
12.67 
12.98 
13.26 
13.53 
13.79 

C,. I C" 

kJ/kg ·K 

3.11B 
3.118 
3.11B 

3.117 
3.117 
3.111 

3.117 

3.117 
3.117 
3.Il7 
3.Il7 
3.117 
3_117 

3.116 
3.116 
3.116 
3.Il6 

3.116 
3.116 

1.620 
1.816 
1.994 
2.133 
2.293 

2.482 
2.521 
2.538 
2.518 

2.524 
2.533 
2.543 
2.556 
2.570 
2.585 
2.603 
2.712 
2.850 
2.979 

3.046 
3.068 
3.079 
3.086 
3.090 

3.094 
3.100 
3.107 
3.114 
3.119 

3.123 
3.126 
3.129 
3.130 
3.131 
3.132 
3.132 

5.194 
5.194 
5.194 
5.193 
5.193 
:>.193 

5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

"5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1. 701 
2.049 
2.459 
2.925 
3.512 

4.257 
4.421 
4.558 
4.674 

4.830 
5.001 
5.187 
5.390 
5.613 
5.855 
6.121 
7.821 
9.731 

10.21 

9.433 
8.647 
8.022 
7.544 
7.170 

6.684 
6.379 
6.174 
6.027 
5.916 

5.819 
5.740 
5.677 
5.624 
5.579 
5.542 
5.509 

Velocity 
of sound 

mls 

835.6 
885.8 
933.3 
978.5 

1022.0 
Il03.U 

1179.0 

1250.0 
1317.0 
1443.0 
1558.0 
1665.0 
1766_0 

IB62.0 

1952.0 
2039.0 
2122.0 

2202.0 
2279.0 

283.1 
279.4 
273.1 
265.0 
253.2 

236.8 
233.4 
231.0 
228.6 

225.6 
222.4 
219.1 
215.7 
212.3 
208.7 
205.2 
187.1 
172.4 
166.3 

166.7 
169.7 
174.0 
178.8 
184.0 

194.5 
204.7 
214.5 
223.7 
232.6 

240.8 
248.6 
256.1 
263.4 
270.4 
277.2 
283.7 
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Temper· 
ature 

K 

23.0 
24.0 
25.0 

26.0 
28.0 
30.0 

32.0 
34.0 
36.0 
38.0 

40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 

. 700.0 

800.0 
900.0 

1000.0 
1100.0 
1200;0 
1300.0 

1400.0 
1500.0 

2.093 
2.5 
3.0 
3.5 
4.0 
4.G 

5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 

Density 
kg/m3 

14.61 
13.97 
13.39 

12.85 
11.90 
11.09 

10.38 
9.765 
9.218 
8.730 

8.292 

7.370 
6.636 
6.036 
5.536 
5.114 
4.751 
4.437 
4.162 
3.704 
3.336 

2.674 
2.231 
1.914 
1.676 

1.491 
1.342 
1.221 
1.120 
0.9601 
0.8404 

0.7473 
0.6727 
0.5608 
0.4808 
0.4208 
0.3741 

0.3367 
0.3061 
0.2806 
0.2591 

0.2406 
0.2246 

159.0 
158.2 
156.3 
153.4 
149.6 
144.8 

138.7 
137.3 
135.8 
134.4 

133.0 
131.5 
130.0 

Isotherm 
derivative 

105m3 • Pa/kg 

0.481 
0.504 
0.527 

0.550 
0.595 
0.640 

0.684 
0.728 
0.771 
O.01G 

0.858 

0.965 
1.07 
1.18 
1.28 
1.39 
1.49 
1.60 
1. 70 
1.91 
2.12 

2.64 
3.16 
3.68 
-1.20 

4.72 
5.24 
5.75 
6.27 
7.31 
8.35 

9.39 
10.4 
12.5 
14.6 
16.7 
18.7 

20.8 
22.9 
25.0 
27.0 

29.1 
31.2 

0.803 
0.734 
0.648 
0.557 
0.464 

0.374 
0.358 
0.345 
0.330 

0.314 
0.299 
0.284 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.324 
0.309 
0.295 

0.282 
0.260 
0.242 

0.226 
0.211 
0.199 
0.100 

0.178 

0.158 
0.142 
0.128 
0.117 
0.108 
0.100 
0.0937 
0.0878 
0.0779 
0.0701 

0.0560 
0.0467 
0.0400 
0.0350 

0.0311 
0.0280 
0.0254 
0.0233 
0.0200 
0.0175 

0.0156 
0.0140 
0.01l7 
0.0100 
0.00875 
0.00778 

0.00700 
0.00636 
0.00583 
0.00539 

0.00500 
0.00467 

2.43 
3.59 
4.34 
4.79 
4.92 

4.79 
4.74 
4.69 
4.63 

4.57 
4.50 
4.43 

Internal 
energy 
kJ/kg 

68.50 
71.77 
75.03 

78.27 
84.73 
91.16 

97.57 
104.0 
110.3 
116.7 

123.0 

138.8 
154.6 
170.3 
186.0 
201.7 
217.4 
233.0 
248.7 
280.0 
311.2 

389.3 
467.3 
545.2 
623.2 

701.1 
779.1 
857.0 
934.9 

1091.0 
1247.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 
200G.0 

3116.0 
3428.0 
3739.0 
4051.0 

4363.0 
4674.0 

Enthalpy 
kJ/kg 

116.4 
121.9 
127.3 

132.7 
143.5 
154.3 

165.0 
175.6 
186.3 
196.9 

207.4 

233.8 
260.1 
286.3 
312.5 
338.6 
364.7 
390.8 
416.9 
469.0 
521.0 

651.1 
781.0 
910.9 

1041.0 

1171.0 
1300.0 
1430.0 
1560.0 
1820.0 
2079.0 

2339.0 
2599.0 
3118.0 
3637.0 
4157.0 
4676.0 

5195.0 
5714.0 
6234.0 
n75:\0 

7272.0 
7792.0 

8.0 X 10+5 pascal Isobar 

-11.10 
-10.31 
-9.371 
-8.233 

6.868 

-5.207 
-4.830 
-4.434 
-405Q 

-3.677 
-3.286 
-2.884 

-6.049 
-5.204 
-4.156 
-2.886 

1.342 

0.5616 
0.997 
1.456 
1.891 

2.338 
2.797 
3.270 

Entropy 
kJ/kg ·K 

14.04 
14.27 
14.49 

14.70 
15.10 
15.47 

15.82 
16.14 
16.45 
16.73 

17.00 

17.63 
18.18 
18.68 
19.13 
19.55 
19.94 
20.30 
20.64 
21.25 
21.80 

22.96 
23.91 
24.71 
25.40 

26.01 
26.56 
27.06 
27.51 
28.31 
29.00 

29.61 
30.16 
31.11 
31.91 
32.60 
33.21 

33.76 
34.25 
34.71 
:\5l9. 

35.51 
35.86 

1.876 
2.196 
2.527 
2.870 
3.233 

3.627 
3.711 
3.796 
3.879 

3.962 
4.047 
4.132 

e" I Cp 

kJ/kg ·K 

3.133 
3.133 
3.133 

3.133 
3.132 
3.132 

3.131 
3.131 
3.130 
3.129 

3.129 

3.128 
3.126 
3.126 
3.125 
3.124 
3.123 
3.123 
3.122 
3.122 
3.121 

3.120 
3.119 
3.119 
3.119 

3.118 
3.118 
3.118 
3.118 
3.117 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 
3.117 
~lln 

3.116 
3.116 

1.587 
1.800 
1.976 
2.114 
2.2n 

2.460 
2.497 
2.514 
2.49:~ 

2A9B 
2.505 
2.514 

5.481 
5.457 
5.435 

5.416 
5.384 
5.359 

5.338 
5.321 
5.306 
5.294 

5.284 

5.263 
5.249 
5.239 
5.231 
5.224 
5.219 
5.216 
5.212 
5.208 
5.204 

5.199 
5.197 
5.195 
5.195 

5.194 
5.194 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
51q~ 

5.193 
5.193 

1.661 
2.015 
2.409 
2.BSO 
:1.:~!)3 

4.0:;6 

4.II)B 

4.:H4 
'lAO:~ 

:t.:;2H 

1.66'2 
4.1107 

Velocity 
of sound 

m/s 

290.1 
296.3 
302.4 

308.3 
319.8 
330.8 

341.4 
351.7 
361.6 
371.2 

380.6 

403.0 
424.1 
444.2 
463.3 
481. 7 
499.4 
516.5 
533.0 
564.6 
594.4 

663.2 
725.5 
782.8 
936.2 

886.3 
933.8 
979.0 

1022.0 
1104.0 
1179.0 

1250.0 
1318.0 
1443.0 
1558.0 
1666.0 
1766.0 

1862.0 
1952.0 
2039.0 
2122.0 

2202.0 
2279.0 

289.9 
286.6 
281.0 
273.9 
263.3 

248.4 
245.4 
243.3 
241.2 

238.5 
235.7 
232.8 



Temper· 
ature 

K 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
.w.0 
32.0 
34.0 
36.0 

.38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

Density 
kg/m 3 

128.4 
126.7 
125.0 
123.2 
113.2 
101.2 
87.83 

75.51 
65.88 
58.60 
52.88 
48.28 
41.39 
36.40 
32.60 
29.59 
27.12 

25.08 
23.34 
21.85 
20.56 
19.42 
18.41 
17.50 
16.69 
15.95 
15.28 

14.67 
13.58 
12.65 
11.84 
11.14 
10.51 
9.95 
9.455 

8.404 
7.567 
6.883 
6.314 
5.833 
5.420 
5.062 
4.749 
4.220 

3.807 

3.052 
2.547 
2.186 
1.914 
1.703 
1.533 
1.395 
1.279 
1.097 
0.9602 

0.8538 
0.7686 
0.6408 
0.5494 
0.4808 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.269 
0.254 
0.240 
0.227 
0.166 
0.121 
0.100 

0.0989 
0.108 
0.120 
0.133 
0.146 
0.174 
0.202 
0.230 
0.257 
0.284 

0.310 
0.336 
0.361 
0.386 
0.411 
0.435 
0.459 
0.482 
0.506 
0.529 

0.552 
0.597 
0.642 
0.687 
0.731 
0.775 
0.818 
0.862 

0.969 
1.08 
1.18 
1.29 
1.39 
1.50 
1.60 

. 1.71 
1.92 

2.13 

2.65 
3.17 
3.68 
4.20 
4.72 
5.24 
5.76 
6.28 
7.32 
8.35 

9.39 
10.4 
12.5 
14.6 
16.7 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1003 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

4.35 
4.27 
4.19 
4.11 
3.63 
3.10 
2.57 

2.12 
1.78 
1.54 
1.35 
1.21 
1.01 
0.876 
0.775 
0.697 
0.635 

0.582 
0.538 
0.500 
0.468 
0.440 
0.415 
0.393 
0.373 
0.356 
0.339 

0.325 
0.299 
0.277 
0.259 
0.243 
0.228 
0.216 
0.204 

0.181 
0.162 
0.147 
0.134 
0.124 
0.115 
0.107 
0.100 
0.0891 

0.0801 

0.0640 
0.0533 
0.0457 
0.0400 
0.0355 
0.0320 
0.0291 
0.0267 
0.0228 
0.0200 

0.0178 
0.0160 
0.0133 
0.0114 
0.0100 

Internal 
energy 
kJ/kg 

-2.472 
-2.048 
-1.613 
-1.164 

1.307 
4.228 
7.561 

10.99 
14.12 
16.86 
19.38 
21. 73 
25.97 
29.91 
33.66 
37.29 
40.84 

44.39 
47.87 
51.31 
54.72 
58.09 
61.44 
64.76 
68.07 
71.36 
74.63 

77.89 
84.39 
90.85 
97.28 

103.7 
110.1 
116.4 
122.8 

138.6 
154.4 
170.2 
185.9 
201.6 
217.3 
233.0 
248.6 
219.9 

311.2 

389.2 
467.3 
545.2 
623.2 
701.2 
779.1 
857.0 
934.9 

1091.0 
1247.0 

1402.0 
1558.0 
1870.0 
2181.0 
2493.0 

Enthalpy 
kJ/kg 

3.759 
4.263 
4.786 
5.327 
8.374 

12.14 
16.67 

21.58 
26.26 . 

30.51 
34.51 
38.30 
45.3U 

51.89 
58.20 
64.33 
70.33 

76.29 
82.14 
87.92 
93.63 
99.28 

104.9 
110.5 
116.0 
121.5 
127.0 

132.4 
143.3 
154.1 
164.8 
175.5 
186.2 
196.8 
207.4 

233.8 
260.2 
286.4 
312.6 
338.8 
364.9 
391.0 
417.1 
409.2 

521.3 

651.4 
781.3 
911.2 

1041.0 
1171.0 
1301.0 
1431.0 
1560.0 
1820.0 
2080.0 

2339.0 
2599.0 
3118.0 
3638.0 
4157.0 

Entropy 
kJ/kg ·K 

4.219 
4.307 
4.396 
4.487 
4.976 
5.535 
6.162 

6.797 
7.365 
7.851 
8.283 
8.672 
~.34J 

9.917 
10.42 
10.88 
11.29 

11.68 
12.03 
12.36 
12.67 
12.96 
13.24 
13.49 
13.74 
13.97 
14.20 

14.41 
14.8i 
15.19 
15.53 
15.86 
16.16 
16.45 
16.72 

17.34 
17.90 
18.40 
18.86 
19.27 
19.66 
20.02 
20.36 
20.97 

21.52 

22.68 
23.63 
24.43 
25.12 
25.74 
26.28 
26.78 
27.23 
28.03 
28.72 

29.34 
29.88 
30.83 
31.63 
32.32 

C" 1 Cp 

kJ/kg ·K 

2.525 
2.537 
2.550 
2.565 
2.656 
2.769 
2.888 

2.986 
3.040 
3.061 
3.074 
3.082 
3.UHH 

3.096 
3.104 
3.111 
3.118 

3.123 
3.127 
3.130 
3.132 
3.133 
3.134 
3.134 
3.135 
3.135 
3.135 

3.135 
3.134 
3.134 
3.133 
3.133 
3.132 . 

3.131 
3.131 

3.129 
3.128 
3.127 
3.126 
3.125 
3.124 
3.124 
3.123 
3.122 

3.122 

3.120 
3.120 
3.119 
3.119 
3.118 
3.118 
3. lIB 
3.11B 
3.118 
3.117 

3.117 
3.117 
3.117 
3.117 
3.1I7 

4.963 
5.130 
5.310 
5.503 
6.690 
8.177 
9.312 

9.360 
8.789 
8.235 
7.773 
7.400 
b.tIb!> 

6.527 
6.299 
6.134 
6.010 

5.901 
5.813 
5.741 
5.681 
5.631 
5.588 
5.552 
5.520 
5.492 
5.468 

5.446 
5.410 
5.381 
5.358 
5.338 
5.322 
5.308 
5.296 

5.273 
5.257 
5.245 
5.236 
5.229 
5.223 
5.219 
5.215 
5.210 

5.206 

5.200 
!U97 
5.196 
5.195 
5.194 
5.194 
5.194 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 

Velocity 
of sound 

m/s 

229.9 
226.8 
223.7 
220.6 
204.3 
189.4 
179.3 

176.0 
177.0 
179.5 
IB3.2 
187.4 
190.9 

206.5 
216.0 
225.1 
288.9 

242.1 
249.9 
257.4 
264.6 
271.6 
278.4 
285.0 
291,4 
297.6 
303.7 

309.6 
321.1 
332.1 
342.7 
352.9 
362.8 
372.4 
381.8 

404.1 
425.2 
445.3 
464.4 
482.8 
500.4 
517.5 
534.0 
565.5 

595.3 

664.0 
72ti_2 

783.4 
836.7 
886.9 
934.3 
979.5 

1023.0 
1104.0 
1180.0 

1251.0 
1318.0 
1443.0 
1559.0 
1666.0 
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Temper. 
ature 

K 

900.0 
1000.0 

1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.068 
2.5 
3.0 
3.5 
4.0 
4.5 
!:l.U 

5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 

12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 

Density 
kg/m 3 

0.4275 
0.3848 

0.3498 
0.3207 
0.2961 

0.2749 
0.2566 

161.4 
160.6 
158.9 
156.4 
152.9 
148.6 
143.4 
142.2 
140.9 
139.8 

138.6 
137.3 
136.] 
lM.H 

133.4 
132.1 
130.7 
122.9 
114.1 
104.1 

93.49 
83.33 
74.49 
67.32 
61.55 
52.72 

46.25 
41.30 
37.37 
31.18 

31.53 
29.30 
27.39 
25.73 
24.28 
23.00 
21.85 
20.83 
19.90 
19.05 

10.20 

16.91 
15.75 
14.74 
13.86 
13.08 
12.39 
11. 76 

10.46 

Isotherm 
derivative 

105 m3 • Pa/kg 

18.7 
20.8 

22.9 
25.0 
27.0 

29.1 
31.2 

0.879 
0.814 
0.730 
0.642 
0.552 
0.464 
0.448 
0.435 
0.420 

0.404 
0.389 
0.374 
0.359 

0.345 
0.331 
0.317 
0.253 
0.199 
0.160 

0.138 
0.131 
0.136 
0.146 
0.157 
0.180 

0.205 
0.231 
0.257 
0.291 

0.310 
0.336 
0.362 
0.387 
0.412 
0.437 
0.461 
0.485 
0.509 
0.533 

0.556 

0.602 
0.648 
0.693 
0.738 
0.782 
0.826 
0.870 

0.978 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.00889 
0.00800 

0.00727 
0.00666 
0.00615 

0.00571 
0.00533 

2.36 
3.57 
4.41 
4.93 
5.13 
5.07 
5.03 
5.00 
4.95 

4.90 
4.85 
4.79 
4.73 

4.67 
4.61 
4.54 
4.16 
3.73 
3.28 

2.83 
2.44 
2:11 
1.85 
1.65 
1.35 

1.16 
1.02 
0.908 
0.822 

0.751 
0.692 
0.642 
0.599 
0.561 
0.529 
0.500 
0.474 
0.451 
0.430 

0.411 

0.378 
0.350 
0.326 
0.305 
0.287 
0.271 
0.257 

0.227 

Internal 
energy 
kJ/kg 

2805.0 
3116.0 

3428.0 
3740.0 
4051.0 

4363.0 
4674.0 

Enthalpy 
kJ/kg 

4676.0 
5195.0 

5715.0 
6234.0 
6753.0 

7273.0 
7792.0 

10.0 X 10+5 pascal Isobar 

-11.10 
-10.36 
-9.466 
-8.396 
-7.118 
-5.579 
-5.232 
-4.870 
-4.529 

-4.182 
-3.830 
-3.470 
-3.103 

-2.729 
-2.346 
-1.955 

0.1428 
2.516 
5.191 

8.126 
11.17 
14.15 
16.92 
19.42 
23.94 

28.08 
32.00 
35.75 
39.11 

43.06 
46.64 
50.16 
53.63 
57.07 
60.47 
63.85 
67.20 
70.53 
73.85 

77.15 

83.70 
90.22 
96.69 

103.1 
109.6 
116.0 
122.4 

138.3 

-4.881 
-4.075 
-3.071 
-1.857 
-0.3919 

1.395 
1.800 
2.224 
2.625 

3.033 
3.450 
3.877 
4.315 

4.764 
5.225 
5.698 
8.276 

'11.28 
14.80 

18.82 
23.17 
27.58 
31.77 
35.67 
42.91 

49.71 
56.21 
62.51 
6B.67 

74.78 
80.77 
86.67 
92.49 
98.25 

104.0 
109.6 
115.2 
120.8 
126.3 

131.9 

142.8 
153.7 
164.5 
175.3 
186.0 
196.7 
207.4 

233.9 

Entropy 
kJ/kg ·K 

32.93 
33.48 

33.98 
34.43 
34.84 

35.23 
35.59 

1.841 
2.149 
2.468 
2.796 
3.141 
3.510 
3.587 
3.666 
3.742 

3.818 
3.895 
3.972 
4.050 

4.128 
4.207 
4.287 
4.701 
5.148 
5.636 

6.156 
6.685 
7.189 
7.644 
8.043 
8.737 

9.330 
9.853 

10.32 
10.75 

11.14 
11.50 
11.84 
12.16 
12.45 
12.73 
12.99 
13.24 
13.48 
13.70 

13.92 

14.33 
14.70 
15.05 
15.38 
15.69 
15.97 
16.25 

16.87 

Cv I Cp 

kJ/kg ·K 

3.117 
3.117 

3.117 
3.117 
3.117 

3.117 
3.117 

1.526 
1.766 
1.941 
2.079 
2.237 
2.423 
2.459 
2.475 
2.453 

2.457 
2.463 
2.471 
2.4S0 

2.490 
2.501 
2.514 
2.588 
2.676 
2.770 

2.864 
2.945 
3.006 
3.043 
3.061 
3.075 

3.085 
3.096 
3.106 
3.1H 

3.122 
3.127 
3.131 
3.134 
3.136 
3.137 
3.138 
3.138 
3.139 
3.139 

3.139 

3.138 
3.138 
3.137 
3.136 
3.136 
3.135 
3.134 

3.132 

5.193 
5.193 

5.193 
5.193 
5.193 

5.193 
5.193 

1.588 
1.952 
2.322 
2.726 
3.208 
3.771 
3.887 
3.978 
4.038 

4.129 
4.225 
4.327 
4.436 

4.550 
4.670 
4.797 
5.532 
6.437 
7.423 

8.203 
8.479 
8.301 
7.945 
7.627 
7.102 

6.747 
6.497 

. 6.313 
6.172 

6.047 
5.945 
5.860 
5.789 
5.728 
5.677 
5.633 
5.594 
5.560 
5.531 

s.sos 
5.461 
.5.125 
5,:~96 

5.:~72 

5.:\52 
S.:~.1S 

5.:tn 

. Velocity 
of sound 

mts 

1767.0 
1862.0 

1953.0 
2039.0 
2122.0 

2202.0 
2280.0 

302.3 
299.9 
295.6 
290.0 
281.2 
268.6 
266.0 
264.4 
262.8 

260.6 
258.4 
256.0 
253.6 

251.1 
248.5 
245.9 
232.4 
218.9 
207.0 

198.5 
194.3 
193.9 
195.5 
197.7 
204.1 

211.9 
220.3 
228.8 
237.2 

245.1 
252.8 
260.3 
267.4 
274.4 
281.1 
287.7 
294.1 
300.3 
306.3 

312.3 

323.7 
334.7 
345.3 
355.5 
365.3 
374.9 
384.3 

406.5 



Temper-
ature 

K 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 

BO.O 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 

600.0 
700.0 
800.0 
900.0 

1000.0 
llOO.O 
1200.0 
1300.0 

1400.0 
1500.0 

2.043 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

~.U 

8.5 
9.0 
9.5 

10.0 

Density 
kg/rn3 

9.417 
8.56B 
7.861 
7.263 
6.750 
0.305 

5.916 
5.266 
4.746 . 

3.806 
3.178 
2.728 
2.389 
2.126 
1.914 
1.741 
1.597 
1.370 
1.199 

1.067 
0.9()03 

0.8006 
0.6865 
0.6009 
0.5342 
0.4809 
0.4372 
0.4008 
0.3700 

0.3436 
0.3207 

163.6 
162.9 
161.3 
159.0 
155.9 
152.0 
147.3 
146.2 
145.1 
144.1 

143.1 
142.0 
140_Q 

139.8 
138.6 
137.5 
136.3 
129.B 
122.6 
114.6 

100.0 

97.05 
88.41 
80.57 
73.79 

Isotherm 
derivative 

105m 3 • Pa/kg 

1.09 
1.19 
1.30 
1.40 
1.51 
UH 
1.72 
1.93 
2.14 . 

2.66 
3.18 
3.70 
4.22 
4.73 
5.25 
5.77 
6.29 
7.33 
8.37 

9.40 
10.4 

12.5 
14.6 
16.7 
18.7 
20.8 
22.9 
25.0 
27.0 

29.1 
31.2 

0.950 
0.889 
0.808 
0.722 
0.634 
0.547 
0.532 
0.519 
0.504 

0.489 
0.474 
04!;Q 

0.444 
0.430 
0.416. 
0.402 
0.336 
0.278 
0.231 

U.IY5 

0.174 
0.165 
0.166 
0.174 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1005 

Thermodynamic properties of helium 4-Continued' 

Isochore 
derivative 
105 Pa/K 

0.203 
0.lB4 
0.168 
0.155 
0.144 
0.134 

0.126 
0.111 
0.100 

O.OBOI 
0.0667 
0.0571 
0.0500 
0.0444 
0.0400 
0.0363 
0.0333 
0.0286 
0.0250 

0.0222 
0.0200 

0.0167 
0.0143 
0.0125 
0.0111 
0.0100 
0.00909 
0.00833 
0.00769 

0.00714 
0.00666 

2.29 
3.55 
4.47 
5.04 
5.30 
5.29 
5.27 
5.25 
5.21 

5.17 
5.13 
!) OH 

5.04 
4.98 
4.93 
4.87 
4.56 
4.20 
3.Bl 

3.40 

3.02 
2.66 
2.35 
2.10 

Internal 
energy 
kJ/kg 

154.1 
169.9 
lS5.7 
201.4 
217.1 
232.8 

248.5 
279.8 
311.1 

389.2 
467.3 
545.3 
623.2 
701.2 
779.1 
857.1 
935.0 

1091.0 
1247.0 

1403.0 
1:>58.0 

1870.0 
2182.0 
2493.0 
2805.0 
3116.0 
3428.0 
3740.0 
1051.0 

4363.0 
4675.0 

Enthalpy 
kJ/kg 

260.3 
286.6 
312.9 
339.1 
365.3 
391.4 . 

417.5 
469.7 
521.8 

651.9 
781.9 
911.9 

1042.0 
1172.0 
1301.0 
1431.0 
1561.0 
1821.0 
2080.0 

2340.0 
2()OO.0 

3119.0 
3638.0 
4158.0 
4677.0 
51%.0 
5715.0 
6235.0 
6751.0 

7273.0 
7792.0 

12.0 X 10+5 pascal Isobar 

-11.08 
-10.38 
-9.530 
-8.515 
-7.306 
-5.856 
-5.531 
-5.191 
~4.873 

-4.551 
-4.224 
-3 HQ2 

-3.554 
-3.210 
-2.860 
-2.503 
-0.6162 

1.469 
3.774 

6.300 

9.004 
I1.BO 
14.58 
17.29 

-3.719 
-2.948 
-1.982 
-0.8168 

0.5885 
2.292 
2.675 
3.076 
3.453 

3.836 
4.226 
46?4. 

5.031 
5.445 
5.869 
6.303 
8.628 

11.26 
14.24 

n.o:.! 
21.37 
25.37 
29.48 
33.55 

Entropy 
kJ/kg ·K 

17.43 
17.93 
18.39 
18.81 
19.19 
19.56 

19.89 
20.51 
21.06 

22.22 
23.17 
23.97 
24.66 
25.27 
25.82 
26.31 
26.77 
27.57 
28.26 

28.87 
29.42 

30.37 
31.17 
31.86 
32.47 
33.02 
33.51 
33.97 
31.38 

34.77 
35.12 

1.811 
2.109 
2.417 
2.733 
3.063 
3.414 
3.487 
3.561 
3.632 

3.704 
3.776 
3B4S 

3.920 
3.992 
4.065 
4.138 
4.512 
4.904 
5.31S 

5.756 

6.213 
6.672 
7.117 
7.535 

Cl • I Cp 

kJ/kg ·K 

3.131 
3.130 
3.128 
3.127 
3.127 
3.126 

3.125 
3.124 
3.123 

3.122 
3.121 
3.120 
3.119 
3.119 
3.119 
3.118 
3. lIB 
3.118 

3.118 

3.11B 
3.117 

3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.Il7 

1.472 
1.732 
1.906 
2.044 
2.205 
2.391 
2.428 
2.443 
2.421 

2.425 
2.431 
2_4.3B 

2.446 
2.456 
2.466 
2.478 
2.546 
2.624 
2.706 

2.788 

2.865 
2.933 
2.988 
3.029 

5.272 
5.258 
5.246 
5.238 
5.231 
5.225 

5.221 
5.214 
5.209 

5.202 
5.199 
5.197 
5.195 
5.195 
5.194 
5.194 
5.193 
5.193 
5.193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

1.524 
1.895 
2.248 
2.625 
3.069 
3.572 
3.674 
3.752 
3.795 

3.868 
3.946 
4.027 

4.112 
4.200 
4.293 
4.390 
4.932 
5.573 
6.292 

7.012 
7.583 
7.867 
7.861 
7.671 

Velocity 
of sound 

mls 

427.6 
447.5 
466.6 
484.9 
502.5 
519.5 

535.9 
567.3 
597.0 

665.5 
727.5 
784.7 
837.9 
888.0 
935.3 
980.4 

1024.0 
1105.0 
1180.0 

1251.0 
1319.0 

1444.0 
1559.0 
1666.0 
1767.0 
1862.0 
1953.0 
2040.0 
2123.0 

2203.0 
2280.0 

313.6 
311.8 
308.7 
304.4 
297.0 
285.9 
283.7 
282.4 
281.1 

279.3 
277.3 
275.~ 

273.3 
271.1 
268.9 
266.7 
255.0 
243.0 
231.6 

221.7 
214.5 
210.5 
209.3 
210.1 
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Temper· 
ature 

K 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 

350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rn 3 

63.43 
55.78 
49.83 
45.07 
41.18 

37.95 
35.22 
32.89 
30.88 
29.12 
27.56 
26.17 
24.93 
23.81 
22.79 

21.86 
20.22 
18.82 
17.61 
16.56 
15.63 
14.80 
14.05 

12.49 
11.25 
10.24 
9.395 
8.682 
8.070 
7.540 
7.075 
6.300 
5.679 

4.557 
3.806 
3.268 
2.863 
2.548 
2.295 
2.088 
1.915 

1.643 
1.438 

1.279 
1.152 
0.9604 
0.8235 
0.7208 
0.6409 
0;5769 
0.5245 
0.4809 
0.4440 

0.4123 
0.3848 

2.017 165.6 

Isotherm 
derivative 

105 rn3 ~ Pa/kg 

0.194 
0.216 
0.239 
0.263 
0.288 

0.314 
0.339 
0.365 
0.390 
0.415 
0.440 
0.465 
0.489 
0.513 
0.537 

0.561 
0.608 
0.654 
0.700 
0.745 
0.790 
0.834 
0.878 

0.~87 

1.10 
1.20 
1.31 
1.41 
1.52 
1.63 
1.73 
1.94 
2.15 

2.67 
3.19 
3.71 
4.23 
4.75 
5.27 
5.78 
6.30 

7.34 
8.38 

9.42 
10.5 
12.5 
14.6 
16.7 
18.8 
20.8 
22.9 
25.0 
27.1 

29.1 
31.2 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

1~71 
1.45 
1.27 
1.13 
1.02 

0.927 
0.852 
0.788 
0.734 
0.687 
0.646 
0.609 
0.577 
0.549 
0.523 

0.499 
0.458 
0.424 
0.394 
0.369 
0.347 
0.327 
0.309 

0.273 
0.244 
0.221 
0.202 
0.186 
0.173 
0.161 
0.151 
0.134 
0.120 

0.0961 
0.0800 
0.0686 
0.0600 
0.0533 
0.0480 
0.0436 
0.0400 

0.0343 
0.0300 

0.0267 
0.0240 
0.0200 
0.0171 
0.0150 
0.0133 
0.0120 
0.0109 
0.0100 
0.OOY23 

0.00857 
0.00800 

Internal 
energy 
kJ/kg 

22.08 
26.38 
30.42 
34.29 
38.03 

41.78 
45.44 
49.04 
52.58 
56.07 
59.53 
62.96 
66.35 
69.73 
73.08 

76.41 
83.03 
89.60 
96.12 

102.6 
109.1 
115.5 
121.9 

137.9 
153.8 
169.6 
185.4 
201.2 
216.9 
232.6 
248.3 
279.7 
311.0 

389.2 
467.2 
545.3 
6:l3.3 

701.2 
779.2 
857.1 
935.1 

1091.0 
1247.0 

1403.0 
1558.0 
1870.0 
2182.0 
2493.0 
2805.0 
3117.0 
3428.0 
3740.0 
4U!:>LU 

4363.0 
4675.0 

Enthalpy 
kJ/kg 

41.00 
47.90 
54.50 
60.91 
67.17 

73.40 
79.51 
85.52 
91.44 
97.28 

103.1 
108.8 
114.5 
120.1 
125.7 

131.3 
142.4 
153.3 
164.2 
175.1 
185.9 
196.6 
207.3 

234.0 
260.4 
286.8 
313.2 
339.4 
365.6 
391.8 
417.9 
470.2 
522.3 

652.5 
782.5 
912.5 

lU4:l.0 

1172.0 
1302.0 
1432.0 
lr,62.0 

1821.0 
2081.0 

2341.0 
2600.0 
3120.0 
3639.0 
4158.0 
4677.0 
5197.0 
5716.0 
6235.0 
0754.0 

7274.0 
7793.0 

14.0 X 10+5 pascal Isobar 

Entropy 
kJ/kg ·K 

8.250 
8.852 
9.383 
9.859 

10.29 

10.69 
11.06 
11.41 
11.73 
12.03 
12.31 
12.58 
12.83 
13.07 
13.30 

13.52 
13.93 
14.30 
14.66 
14.98 
15.29 
15.58 
15.86 

16.49 
17.04 
17.55 
18.00 
18.42 
18.81 
19.17 
19.51 
20.13 
20.68 

21.84 
22.79 
23.59 
24.:lH 
24.89 
25.44 
25.94 
26.39 

27.19 
27.88 

28.49 
29.04 
29.99 
30.79 
31.48 
32.09 
32.64 
33.14 
33.59 
34.00 

34.39 
34.75 

Ct· I Cp 

kJ/kg ·K 

3.060 
3.074 
3.087 
3.099 
3.109 

3.119 
3.126 
3.131 
3.135 
3;137 
3.139 
3.141 
3.141 
3.142 
3.142 

3.142 
3.142 
3.142 
3.141 
3.140 
3.139 
3.138 
3.138 

3.135 
3.134 
3.132 
3.131 
3.130 
3.129 
3.128 
3.127 
3 . .J26 
3.125 

3.123 
3.121 
3.121 
3.120 
3.120 
3.119 
3.119 
3.119 

3.118 
3.118 

3.118 
3.118 
3.118 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 

7.191 
6.860 
6.620 
6.438 
6.296 

6.165 
6.055 
5.962 
5.883 
5.815 
5.757 
5.707 
5.663 
5.624 
5.590 

5.560 
5.508 
5.467 
5.433 
5.405 
5.382 
5.362 
5.345 

5.311 
5.288 
5.270 
5.257 
5.246 
5.238 
5.231 
5.226 
5.218 
5.212 

5.204 
5.200 
5.197 
5.196 

5.195 
5.194 
5.194 
r..193 

5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

Velocity 
of sound 

m/s 

213.7 
219.3 
226.2 
233.6 
241.4 

248.9 
256.3 
263.6 
270.6 
277.5 
284.1 
290.6 
296.9 
303.1 
309.1 

315.0 
326.4 
337.3 
347.9 
358.0 
367.9 
377.4 
386.7 

408.9 
429.9 
449.8 
468.8 
487.0 
504.5 
521.4 
537.8 
569.1 
598.8 

667.0 
728.9 
785.9 
H3Y.l 

889.0 
936.4 
981.4 

1024.0 

1106.0 
1181.0 

1252.0 
1319.0 
1444.0 
1559.0 
1667.0 
1767.0 
1863.0 
1953.0 
2040.0 
2123.0 

2203.0 
2280.0 



Temper-
ature 

K 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 

5.8 
5.9 
6.0 
6.5 

7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 

175.0 

Density 
kg/m 3 

165.0 
163.5 
161.4 
158.5 
154.9 
150.6 
149.7 
148.7 

·147.8 

146.8 
145.9 
144.9 
14S.9 

142.9 
141.9 
140.8 
1&5.2 

129.0 
122.2 

115.0 
107.3 
99.5 
9l.96 
84.98 
73.36 
64.75 
58.01 
52.56 
48.05 

44.26 
41.07 
38.34 
35.97 
33.91 
32.08 
30.45 
29.00 
27.68 
26.49 

25.41 

23.49 
2l.87 
20.46 
19.23 
18.15 
17.18 
16.32 

14.51 
13.07 
11.89 
10.92 
10.09 
9.380 
8.765 
8.227 
7.328 
6.607 

5.304 
1.132 

3.806 

Isotherm 
derivative 

105 m3·Pa/kg 

1.02 
0.960 
0.882 
0.798 
0.712 
0.627 
0.612 
0.599 
0.584 

0.569 
0.554 
0.539 
0.525 

0.510 
0.496 
0.482 
0.115 

0.355 
0.303 

0.261 
0.229 
0.209 
0.199 
0.198 
0.212 
0.231 
0.251 
0.272 
0.295 

0.320 
0.345 
0.370 
0.395 
0.420 
0.445 
0.470 
0.494 
0.519 
0.543 

0.:>6 { 

0.614 
0.661 
0.707 
0.752 
0.797 
0.842 
0.887 

1.00 
1.11 
1.21 
1.32 
1.43 
1.53 
1.64 
1.74 
1.95 
2.16 

2.68 
3.20 

3.72 
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Thermodynamic properties of helium 4-Continued 

lsochore 
derivative 
105 Pa/K 

2.24 
3.54 
4.51 
S.15 
5.45 
5.49 
5.47 
5.46 
5.43 

5.40 
5.37 
5.33 
5.29 

5.25 
5.20 
5.15 
1.SS 

4.56 
4.22 

3.86 
3.50 
3.15 
2.83 
2.54 
2.08 
1.76 
1.53 
1.36 
1.22 

1.11 
1.02 
0.939 
0.872 
0.815 
0.766 
0.722 
0.683 
0.648 
0.617 

O.!ltSy 

0.540 
0.499 
0.463 
0.433 
0.407 
0.383 
0.363 

0.320 
0.286 
0.259 
0.236 
0.218 
0.202 
0.188 
0.176 
0.156 
0.140 

0.112 
0.0934 

0.0800 

Interna1 
energy 
kJ/kg 

-11.04 
-10.38 
-9.569 
-8.601 
-7.449 
-6.069 
-5.760 
-5.437 
-5.136 

-4.832 
-4.524 
-4.212 
-3.894 

-3.572 
-3.245 
-2.913 
-1.165 

0.7393 
2.816 

5.072 
7.494 

10.05 
12.67 
15.30 
20.35 
24.83 
28.97 
32.91 
36.73 

40.55 
44.29 
47.95 
51.55 
55.10 
58.61 
62.08 
65.52 
68.93 
72.32 

(::i.6Y 

82.37 
88.98 
95.55 

102.1 
108.6 
115.1 
121.5 

137.5 
153.5 
169.4 
185.2 
201.0 
216.7 
232.5 
248.2 
279.6 
310.9 

389.1 
467.2 

545.3 

Entha1py 
kJ/kg 

-2.566 
-1.826 
-0.8950 

0.2310 
1.587 
3.224 
3.592 
3.976 
4.336 

4.700 
5.071 
5.449 
5.833 

6.224 
6.623 
7.030 
9.191 

11.59 
14.27 

17.25 
20.54 
24.12 
27.90 
31.78 
39.43 
46.46 
53.10 
59.55 
65.in 

72.18 
78.38 
84.47 
90.47 
96.39 

102.3 
108.1 
113.8 
119.5 
125.2 

131J.tS 

142.0 
153.0 
164.0 
174.9 
185,7 
196.5 
207.3 

234.0 
260.6 
287.1 
313.4 
339.7 
366.0 
392.2 
418.4 
470.6 
522.8 

653.1 
7S3.1 

913.1 

Entropy 
kJ/kg ·K 

1.785 
2.072 
2.371 
2.677 
2.995 
3.332 
3.402 
3.472 
3.541 

3.609 
3.677 
3.745 
3.813 

3.882 
3.950 
4.019 
1.367 

4.725 
5.097 

5.484 
5.885 
6.296 
6.707 
7.106 
7.841 
8.455 
8.989 
9.468 
9.904 

10.31 
10.69 
11.04 
11.36 
11.66 
11.95 
12.22 
12.48 
12.72 
12.95 

13.U 

13.58 
13.96 
14.32 
14.65 
14.96 
15.25 
15.53 

16.16 
16.72 
17.22 
17.68 
18.10 
18.49 
18.85 
19.19 
19.81 
20.36 

21.52 
22.1.7 

23.27 

Ct· I C" 

kJ/kg ·K 

1.422 
1.698 
1.872 
2.012 
2.175 
2.363 
2.400 
2.416 
2.394 

2.398 
2.404 
2.411 
2.419 

2.429 
2.439 
2.451 
2.516 

2.590 
2.665 

2.740 
2.812 
2.878 
2.936 
2.984 
3.040 
3.063 
3.078 
3.091 
3.103 

3.115 
3.124 
3.131 
3.135 
3.139 
3.141 
3.143 
3.144 
3.145 
3.145 

1S.146 

3.146 
3.145 
3.144 
3.144 
3.143 
3.142 
3.141 

3.139 
3.136 
3.135 
3.133 
3.132 
3.131 
3.130 
3.129 
3.127 
3.126 

3.124 
3.122 

3.121 

1.467 
1.844 
2.182 
2.540 
2.957 
3.422 
3.515 
3.584 
3.618 

3.681 
3.746 
3.815 
3.006 

3.960 
4.037 
4.117 
4.556 

5.059 
5.617 

6.203 
6.758 
7.196 
7.448 
7;507 
7.208 
6.893 
6.676 
6.510 
6.377 

6.251 
6.140 
6.045 
5.962 
5.890 
5.828 
5.773 
5.724 
5.682 
5.644 

;'.610 

5.553 
5.507 
5.469 
5.437 
5.410 
5.387 
5.368 

5.330 
5.302 
5.282 
5.267 
5.255 
5.245 
5.238 
5.231 
5.222 
5.216 

5.206 
6.201 

5.198 

Velocity 
of sound 

mls 

323.8 
322.8 
320.7 
317.4 
311.1 
301.2 
299.3 
298.2 
297.2 

295.6 
293.9 
292.1 
'290.3 

288.4 
286.5 
284.5 
27-1.1 

263.3 
252.7 

242.9 
234.6 
228.5 
224.8 
223.2 
224.4 
228.2 
233.3 
239.5 
246.3 

253.4 
260.4 
267.4 
274.2 
280.9 
287.4 
293.8 
300.0 
306.1 
312.1 

311.9 
329.2 
340.1 
350.6 
360.7 
370.5 
380.0 
389.2 

411.3 
432.2 
452.0 
470.9 
489.1 
506.6 
523.4 
539.7 
570.9 
600.5 

668.6 
730.3 

787.2 
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Temper-
ature 

K 

200.0 
l2!>.O 

250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

.1400.0 
1500.0 

2.0 
?!> 

3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3. 

5.4 
5.5 
5.6 
5.7 

5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 

12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 

Density 
kg/m:l 

3.335 
2.908 

2.674 
2.433 
2.232 
1.915 
1.677 

1.491 
1.343 
1.120 
0.9604 
0.8407 
0.7475 
0.6729 
0.6119 
0.5610 
0.5179 

0.4809 
0.4489 

167.6 
11)6 Q 

165.6 
163.6 

160.9 
157.6 
153.6 
152.7 
)51.8 
151.0 

150.1 
149.3 
148.4 
147.5 

146.5 
145.6 
144.7 
139.6 
134.1 
128.2 

121.9 
115.2 
108.3 
101.3 
94.60 
t!~.5y' 

73.13 
65.74 
59.73 
54.70 

50.43 
46.80 
43.69 
40.99 
38.63 
36.54 
34.68 

Isotherm 

derivative 
lOs m3 ·Pa/kg 

4.24 
4.·'b 

5.28 
5.80 
6.32 
7.35 
8.39 

9.43 
10.5 
12.5 
14.6 
16.7 
18.8 
20.8 
22.9 
25.0 
27.1 

29.1 
31.2 

1.08 
LOg 

1.03 
0.953 
0.871 
0.786 
0.703 
0.688 
0.676 
0.661 

0.646 
0.631 
0.616 
0.602 

0.587 
0.573 
0.559 
0.491 
0.430 
0.375 

0.328 
0.290 
0.261 
0.242 
0.232 
U.~;)4 

0.250 
0.267 
0.286 
0.306 

0.329 
0.353 
0.378 
0.402 
0.427 
0.452 
0.476 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 Pa/K 

0.0700 
U.Ob22 
0.0560 
0.0509 
0.0466 
0.0400 
0.0350 

0.0311 
0.0280 

0.0233 
0.0200 
0.0175 
0.0155 
0.0140 
0.0127 
0.0117 
0.0108 

0.0100 
0.00933 

0.885 
2.20 

3.52 
4.55 
5.24 
5.58 
5.66 
5.65 
5.64 
5.62 

5.60 
5.57 
5.54 
5.50 

5.47 
5.43 
5.39 
5.15 
4.87 
4.56 

4.24 
3.90 
3.57 
3.25 
2.96 
:l.45 

2.07 
1.79 
1.59 
1.43 

1.29 
1.18 
1.09 
1.01 
0.947 
0.888 
0.836 

Internal 
energy 
kJ/kg 

623.3 
70L3 
779.2 
857.2 
935.1 

1091.0 
1247.0 

1403.0 
1559.0 

1870.0 
2182.0 
2493.0 
2805.0 
3117.0 
3428.0 
3740.0 
4052.0 

4363.0 
4675.0 

Enthalpy 

kJ/kg 

1043.0 
1173.0 
1303.0 
1433.0 
1562.0 
1822.0 
2082.0 

2341.0 
2601.0 
3120.0 
3640.0 
4159.0 
4678.0 
5197.0 
5717.0 
6236.0 
6755.0 

7274.0 
7794.0 . 

16.0 X 1()l"5 pascal Isobar 

-11.69 
-11.00 

-10.36 
-9.589 
-8.662 
-7.558 
-6.235 
-5.939 
-5.630 
-5.343 

-5.053 
-4.759 
-4.462 
-4.16] 

-3.855 
-3.545 
-3.231 
-1.585 

0.1917 
2.113 

4.184 
6.400 
8.747 

11.19 
13.70 
It!.71 

23.38 
27.64 
31.64 
35.51 

39.40 
43.19 
46.91 
50.56 
54.16 
57.72 
61.23 

-2.156 
-1,420 

-0.7096 
0.1912 
1.282 
2.595 
4.180 
4.535 
4.906 
5.252 

5.603 
5.959 
6.320 
6.688 

7.062 
7.442 
7.829 
9.874 

12.12 
14.59 

17.31 
20.29 
23.53 
26.98 
30.61 
3t!.Ot! 

45.26 
51.98 
58.43 
64.76 

71.12 
77.38 
83.53 
89.60 
95.59 

101.5 
107.4 

Entropy 
kJ/kg ·K 

23.96 
24.57 
25.12 
25.62 
26.07 
26.87 
27.56 

28.17 
28.72 
29.67 
30.47 
31.16 
31.77 
32.32 
32.81 
33.27 
33.68 

34.07 
34.43 

1.414 
1.761 

2.040 
2.330 
2.626 
2.935 
3.260 
3.328 
3.395 
3.461 

3.526 
3.592 
3.657 
3.723 

3.788 
3.853 
3.919 
4.248 
4.583 
4.927 

5.281 
5.645 
6.017 
6.393 
6.767 
, .4t!tI 

8.114 
8.654 
9.134 
9.571 

9.98 
10.36 
10.71 
11.04 
11.35 
11.64 
11.91 

Ct· I C" 

kJ/kg ·K 

3.121 
3.120 
3.120 
3.119 
3.119 
3.119 
3.119 

3.118 
3.118 
3.118 
3.11B 
3.118 
3.117 
3.117 
3.117 
3.117 
3.117 

3.117 
3.117 

2.397 
1.377 

1.665 
1.838 
1.980 
2.147 
2.338 
2.376 
2.392 
2.370 

2.375 
2.381 
2.388 
2.396 

2.406 
2.417 
2.428 
2.493 
2.565 
2.638 

2.709 
2.776 
2.839 
2.896 
2.946 
3.U14 

3.050 
3.069 
3.083 
3.097 

3.Ill 
3.122 
3.130 
3.135 
3.140 
3.143 
3.145 

5.196 
5.195 
5.194 
5.194 
5.193 
5.193 
5.193 

5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 
5.193 

5.193 
5.193 

2.402 
1.419 

1.797 
2.122 
2.467 
2.865 
3.303 
3.390 
3.453 
3.481 

3.536 
3.594 
3.654 
3.717 

3.782 
3.849 
3.918 
4.294 
4.714 
5.]73 

5.658 
6.144 
6.587 
6.936 
7.153 
(.13tl 

6.894 
6.684 
6.537 
6.421 

6.306 
6.202 
6.109 
6.026 
5.95.3 
5.888 
5.8.10 

Velocity 
of sound 

m/e 

840.2 
890.1 
937.4 
982.3 

1025.0 
1106.0 
1182.0 

1253.0 
1320.0 
1445.0 
1560.0 
1667.0 
1768.0 
IB63.0 
1954.0 
2040.0 
2123.0 

2203.0 
2280.0 

328.5 
333.3 

333.0 
331.7 
329.4 
323.9 
315.1 
313.3 
312.4 
311.5 

310.1 
308.6 
307.0 
305.4 

303.7 
302.0 
300.2 
290.8 
281.0 
271.1 

261.7 
253.2 
246.1 
240.9 
237.6 
:l35.4 

237.5 
241.3 
246.2 
252.0 

258.4 
265.0 
271.6 
278.1 
284.6 
290.9 
297.2 



Temper· 
alure 

K 

23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

4!)U.U 

500.0 
600.0 
700.0 
000.0 

900.0 
1000.0 
1100.0 
1200.0 

1300.0 

1400.0 
1500.0 

2.0 

2.5 
3.0 
3.5 
4.0 

4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 

Density 
kg/rn3 

33.02 
31.52 
30.16 

28.91 
26.73 
24.88 
23.27 
21.87 
20.64 
19.55 
18.56 

16.51 
14.87 
13.54 
12.43 
11.49 
10.68 
9.98 
9.371 
8.349 
7.530 

6.048 
5.055 
4.343 
3.806 
3.388 
3.053 
2.778 
2.548 
2.187 
1.915 

1.7U::S 

1.534 
1.279 
1.097 
0.9605 

0.8541 
0.7689 
0.6991 
0.64]0 

0.5918 

0.5496 
0.5130 

169.4 

168.7 
167.5 
165,6 
163.1 

160.0 
156.3 
155.5 
E,4_7 

153.9 

153.1 
152.3 
151.4 

Isotherm 
derivative 

105m3 • Pa/kg 

0.501 
0.525 
0.549 

0.573 
0.621 
0.668 
0.714 
0.760 
0.806 
0.851 
0.895 

1.01 
1.12 
1.22 
1.33 
1.44 
1.54 
1.65 
1.75 
1.96 
2.17 

2.70 
3.22 
3.73 
4.25 
4.77 
5.29 
5.81 
6.33 
7.36 
8.40 

Y.44 

10.5 
12.5 
14.6 
16.7 

18.8 
20.8 
22.9 
95.0 

27.1 

29.1 
31.2 

1.13 

1.14 
1.09 
1.02 
0.911 

0.858 
0.776 
0.761 
0.749 

0.735 

0.720 
0.705 
0.690 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1009 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.791 
. 0.750 

0.713 

0.680 
0.623 
0.574 
0.533 
0.498 
0.467 
0.440 
0.416 

0.367 
0.328 
0.296 
0.271 
0.249 
0.231 
0.215 
0.201 
0.179 
0.161 

0.128 
0.107 
0.0914 
0.0800 
0.0711 
0.0640 
0.0581 
0,0533 
0.0457 
0,0400 

U.U;:S!)!) 

0.0320 
0.0266 
0.0228 
0,0200 

0.0178 
0.0160 
0.0145 
o 01~~ 
0.0123 

0.0114 
0.0107 

1.13 

2.18 
3.51 
4.59 
5.32 

5.70 
5.81 
5.80 
SJW 
5.79 

5.77 
5.75 
5:/2 

Internal 
energy 
kJ/kg 

64.71 
68.16 
71.58 

74.98 
81.71 
88.38 
95.00 

101.6 
108.1 
114.6 
121.1 

137.2 
153.2 
169.1 
184.9 
200.8 
216.5 
232.3 
248.0 
279.5 
310.8 

389.1 
467.2 
545.3 
623.3 
701.3 
779.3 
857.3 
935.2 

1091.0 
1247.0 

14U::S.U 

1559.0 
1870.0 
2182.0 
2494.0 

2805.0 
3117.0 
3429.0 
374.0.0 

4052.0 

4363,0 
4675.0 

Enthalpy 
kJ/kg 

113.2 
118.9 
124.6 

130.3 
141.6 
152.7 
163.7 
174.7 
185.6 
196.5 
207.3 

234.1 
260.8 
287.3 
313.7 
340.1 
366.3 
392.6 
418.8 
471.1 
523.3 

653.6 
783.7 
913.7 

1044.0 
1174.0 
1303.0 
1433.0 
1563.0 
1823.0 
2082.0 

2::S42.U 

2602.0 
3121.0 
3640.0 
4159.0 

4679.0 
5198.0 
5717.0 
6236_0 

6756.0 

7275.0 
7794.0 

18.0 X 10+5 pascal Isobar 

-11.58 

-10.94 
-10.33 

-9.593 
~9.702 

-7.641 
-6.366 
-6.081 
-5.7R~ 

-5.507 

-5.228 
-4.947 
-4.662 

-0.9689 

-0.2846 
0.4016 
1.274 
2.333 

3.610 
5.150 
5.495 
5.855 
6.191 

6.530 
6.874 
7.223 

Entropy 
kJ/kg ·K 

12.17 
12.41 
12.65 

12.87 
13.28 
13.67 
14.03 
14.36 
14.67 
14.96 
15.24 

15.87 
16.43 
16.94 
17.40 
17.82 
18.21 
18.57 
18.91 
19.53 
20.08 

21.24 
22.19 
22.99 
23.68 
24.30 
24.84 
25.34 
25.79 
26.59 
27.29 

27.IJU 

28.44 
29.39 
30.19 
30.00 

31.50 
32.04 
32.54 
32_99 

33.41 

33.79 
34.15 

1.414 

1. 739 
2.010 
2.292 
2.591 

2.881 
3.196 
3.261 
~.327 

3.390 

3.454 
3.517 
3.580 

Cr I C" 

kJ/kg ·K 

3,147 
3.148 
3.148 

3.149 
3.149 
3.148 
3.148 
3.147 
3.146 
3.145 
3.144 

3.141 
3.139 
3.137 
3.136 
3.134 
3.133 
3.132 
3.131 
3.129 
3.127 

3.125 
3.123 
3.122 
3.121 
3.121 
3.120 
3.120 
3.120 
3.119 
3.119 

::S.llY 

3.118 
3.118 
3.118 
3.110 

3.IIB 
3.118 
3.117 
3_117 

S.Il7 

3.117 
3.117 

2.172 

1.337 
1.632 
1.805 
1.950 

2.120 
2.315 
2.353 
2_:-no 
2.349 

2.354 
2.360 
2.368 

5.779 
5.734 
5.693 

5.657 
5.595 
5.544 
5.502 
5.467 
5.437 
5.412 
5.390 

5.348 
5.317 
5.294 
5.277 
5.263 
5.252 
5.244 
5.237 
5.226 
5.219 

5.208 
5.202 
5.199 
5.197 
5.195 
5.195 
5.194 
5.194 
5.193 
5.193 

5.193 

5.193 
5.192 
5.192 
5.192 

5.192 
5.193 
5.193 
5_193 

5.193 

5.193 
5.193 

2.HSO 

1.374 
1.753 
2.068 
2.402 

2.786 
3.204 
3.287 
~~4.7 

3.369 

3.419 
3.472 
3.526 

Velocity 
of sound 

rn/s 

303.3 
309.3 
315.2 

320.9 
332.1 
342.9 
353.3 
363.4 
373.1 
382.6 
391.8 

413.8 
434.5 
454.3 
473.1 
491.2 
508.6 
525.4 
541.7 
572.8 
602.2 

670.1 
731.7 
788.5 
841.4 
891.2 
938.4 
983.3 

1026.0 
1107.0 
1183.0 

1253.0 

1321.0 
1445.0 
1560.0 
1667.0 

1768.0 
1863.0 
1954.0 
2040.0 

2123.0 

2203.0 
2280.0 

3::Sb.:L 

342.0 
342.5 
342.1 
340.5 

335.8 
327.7 
326.1 
~25_3 

324.6 

323.3 
322.0 
320.6 
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·1010 

Temper-
ature 

K 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 

25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 

600.0 
700.0 
800.0 

Density 
kg/m 3 

150.6 
149.8 
148.9 
148.0 
143.4 
138.5 
133.1 

127.5 
121.5 
11S.S 

109.0 
102.7 
90.86 
80.97 
73.01 
66.53 
61.09 

56.39 
52.38 
48.92' 
45.90 
43.26 
40.93 
38.85 
36.98 
35.30 

33.77 

32.38 
29.94 
27.85 
26.06 
24.49 
23.11 
21.88 
20.79 

18.49 
16.66 
15.16 
13.92 
12.87 
11.97 
11.19 
10.51 
9.364 
8.447 

6.789 
5.676 
4.877 
4.276 

3.807 
3.430 
3.122 
2.864 
2.458 
2.153 

1.915 
1. 725 

1.439 
1.234 
1.080 

Isotherm 
derivative 

105 m3 , Pa/kg 

0.675 
0.661 
0.647 
0.633 
0.565 

, 0.502 
0.445 

0.395 
0.352 
0.318 

0.292 
0.275 
0.263 
0;270 
0.286 
0.303 
0.320 

0.342 
0.364 
0.388 
0.412 
0.436 
0.460 
0.484 
0.509 
0.S33 

0.557 

0.581 
0.629 
0.676 
0.722 
0.768 
0.814 
0.859 
0.904 

1.02 
1.13 
1.23 
1.34 
1.45 
1.55 
1.66 
1.77 
1.98 
2.19 

2.71 
3.23 
3.75 
4.27 

4.78 
5.30 
5.82 
6.34 
7.38 
8.41 

9.45 
10.5 

12.6 
14.6 
16.7 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

5.69 
5.66 
5.63 
5.59 
5.38 
5.13 
4.85 

4.56 
,4.25 

3.93 

3.63 
3.33 
2.80 
2.38 
2.06 
1.82 
1.63 

1.48 
1.35 
1.25 
1.16 
l.08 
1.01 
0.953 
0.900 
O.OS':} 

0.811 

0.772 
0.706 
0.651 
0.604 
0.564 
0.529 
0.498 
0.470 

0.414 
0.370 
0.334 
0.305 
0.281 
0.260 
0.242 
0.227 
0.201 
0.181 

0.144 
0.120 
0.103 
O.OB99 

0.0799 
0.0719 
0.0654 
0.0599 
0.0514 
0.0450 

0.0400 
0.0360 

0.0300 
0.0257 
0.0225 

Internal 
energy 
kJ/kg 

-4.373 
-4.081 
-3.785 
-3 .. 485·· 
-1.919 
-0.2370 

1.570 

3.506 
5.571 
7.755 

10.04 
12.41 
17.31 
22.00 
26.39 
30.48 
34.38 

38.31 
42.15 
45.92 
49.62 
53.26 
56.86 
60.41 
63.92 
67.40 

70.86 

74.28 
81.07 
87.79 
94.45 

101.1 
107.6 
114.2 
120.7 

136.8 
152.9 
168.8 
184.7 
200.6 
216.4 
232.1 

. 247.9 

'279.3 
310.7 

389.0 
467.2 
545.3 
623.3 

701.4 
779.3 
857.3 
935.3 

1091.0 
1247.0 

1403.0 
1559.0 

1870.0 
2182.0 
2494.0 

Enthalpy 
kJ/kg 

7.577 
7.937 
8.303 
8.675 

10.63 
12.76 
15.09 

17.63 
20.38 
23.36 

26.56 
29.93 
37.12 
44.23 
51.04 
57.53 
63.85 

70.23 
76.52 
82.72 
88.83 
94.87 

100.8 
106.7 
112.6 
110.4 

124.2 

129.9 
141.2 
152.4 
163.5 
174.5 
185.5 
196.4 
207.2 

234.2 
260.9 
287.5 
314.0 
340.4 
366.7 
393.0 
419.2 
471.6 
523.8 

654.2 
784.3 
914.4 

1044.0 

l'l74.0 
1304.0 
1434.0 
1564.0 
1823.0 
2083.0 

2343.0 
2602.0 

3122.0 
3641.0 
4160.0 

Entropy 
kJ/kg ·K 

3.643 
3.706 
3.769 
3.832 
4.147 
4.466 
4.789 

5.120 
5.457 
5.800 

6.148 
6.497 
7.188 
7.812 
8.360 
8.843 
9.279 

9.692 
10.07 
10.43 
10.76 
11.07 
11.36 
11.63 
11.89 
12.14-

12.38 

12.60 
13.02 
13.41 
13.76 
14.10 
14.41 
14.71 
14.98 

15.62 
16.18 
16.69 
17.15 
17.57 
17.96 
18.33 
18.66 
19.28 
19.83 

21.00 
21.94 
22.75 
23.44 

24.05 
24.60 
25.09 
25.55 
26.35 
27.04 

27.65 
28.20 

29.15 
29.95 
30.64 

C" I Cp 

kJ/kg··K 

2.377 
2.387 
2.397 
2.409 
2.474 
2.545 
2.617 

2.686 
2.751 
2.812 

2.867 
2.916 
2.992 
3.034 
3.059 
3.076 
3.090 

3.106 
3.119 
3.128 
3.135 
3.140 
3.144-
3.146 
3.148 
3.150 

3.151 

3.151 
3.152 
3.152 
3.151 
3.150 
3.149 
3.148 
3.147 

3.144 
3.142 
3.140 
3.138 
3.136 
3.135 
3.133 
3.132 
3.130 
3.129 

3.126 
3.124 
3.123 
3.122 

3.122 
3.121 
3.121 
3.120 
3.120 
3.119 

3.119 
3.119 

3.118 
3.118 
3.118 

3.583 
3.642 
3.702 
3.764 
4.097 
4.464 
4.858 

5.273 
5.696 
6.104 

6.466 
6.751 
6.958 
6.854 
6.673 
6.533 
6.434 

6.335 
6.241 
6.154 
6.074 
6.002 
5.937 
5.879 
5.827 
5.779 

5.737 

5.699 
5.633 
5.578 
5.533 
5.495 
5.463 
5.435 
5.412 

5.365 
5.331 
5.306 
5.287 
5.272 
5.260 
5.250 
5.242 
5.230 
5.222 

5.209 
5.203 
5.199 
5.197 

5.196 
5.195 
5.194 
5.194 
5.193 
5.193 

5.193 
5.192 

5.192 
5.192 
5.192 

Velocity 
of sound 

m/s 

319.1 
317.6 
316.0 
314.4 
305.8 
296.6 
287.4 

278.4 
270.1 
262.8 
256.7 
252.2 
247.1 
247.1 
249.7 
253.5 
258.2 

263.9 
270.0 
276.2 
282.4 
288.6 
294.7 
300.8 
306.8 
312.6 

318;4 

324.1 
335.1 
345.8 
356.1 
366.1 
375.8 
385.2 
394.3 

416.2 
436.9 
456.5 
475.3 
493.3 
510.6 
527.4 
543.6 
574.6 
603.9 

671.6 
733.1 
789.7 
St12_6 

892.3 
939.4 
984.2 

1027.0 
1108.0 
1183.0 

1254.0 
1321.0 

1446.0 
1561.0 
1668.0 



Temper-
ature 

K 

900.0 
1000.0 

1100.0 
1200.0 
1300.0 

1400_0 
1500.0 

2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 

5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 

12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.U 

24.0 
25.0 

26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 

Density 
kg/m 3 

0.9606 
0.8648 

0.7864 
0.7210 
0.6656 

0.6182 
0.5770 

171.2 
170.5 
169.3 
167.5 
165.1 
162.2 
158.7 
158.0 
157.2 
156.5 

155.7 
155.0 
154.2 
153.4 

152.6 
151.8 
151.0 
146.8 
142.2 
137.3 

132.2 
126.8 
121.2 
ll5.4 
109.6 
90.17 

88.17 
79.84 
72.96 
67.19 

62.13 
57.77 
54.00 
50.70 
47.80 
45.23 
42.94 
40.88 

39.02 
37.34 

35.S{) 

33.10 
30.80 
28.81 
27.08 
25.55 
24.20 
22.99 

20.45 

Isotherm 
derivative 

105 m3 • Pa/kg 

]8.8 
20.9 

22.9 
25.0 
27.1 

29.2 
31.2 

1.17 
1.20 
1.15 
1.09 
1.01 
0.928 
0.847 
0.832 
0.820 
0.806 

0.791 
0.776 
0.761 
0.747 

0.732 
0.718 
0.704 
0.636 
0.572 
0.514 

0.461 
0.416 
0.377 
0.346 
0.322 
0.297 

0.296 
0.306 
0.321 
0.337 

0.356 
0.377 
0.400 
0.423 
0.446 
0.470 
0.494 
O.!:>17 

0.541 
0.565 

0.589 

0.637 
0.684 
0.731 
0.777 
0.823 
0.868 
0.914 

1.03 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

0.0200 
0.0180 

0.0164 
0.0150 
0.0138 

0.0129 
0.0120 

1.43 
2.18 
3.51 
4.63 
5.39 
5.81 
5.94 
5.94 
5.95 
5.94 

5.92 
5.91 
5.89 
5.86 

5.84 
5.81 
5.78 
5.59 
5.37. 
5.11 

4.83 
4.54 
4.25 
3.96 
3.67 
3.12 

2.67 
2.32 
2.05 
1.84 

1.67 
1.53 
1.41 
1.30 
1.22 
1.14 
1.07 
1.01 

0.957 
0.909 

ORt;6 

0.791 
0.729 
0.676 
0.630 
0.590 
0.556 
0.525 

U.401 

Internal 
energy 
kJ/kg 

2805.0 
3117.0 

3429.0 
3740.0 
4052.0 

4364.0 
4675.0 

Enthalpy 
kJ/kg 

4679.0 
5198.0 

5718.0 
6237.0 
6756.0 

7275.0 
7795.0 

20.0 X 10+5 pascal Isobar 

-11.47 
-10.88 
-10.29 
-9.583 
-8.726 
-7.702 
-6.469 
-6.192 
-5~904 

-5.637 

-5.369 
-5.097 
-4.823 
-4.545 

-4.264 
-3.979 
-3.690 
-2.188 
-0.5822 

l.137 

2.970 
4.918 
6.975 
9.133 

11.37 
16.12 

20.78 
25.21 
29.39 
33.34 

37.30 
41.18 
44.98 
48.72 
52.40 
56.03 
59.61 
63. It> 

66.67 
70.15 

73.61 

80.45 
87.21 
93.91 

100.6 
107.2 
113.7 
120.2 

1::10.0 

0.2027 
0.8436 
1.507 
2.353 
3.383 
4.628 
6.130 
6.467 
6.818 
7.144 

7.474 
7.808 
8.146 
9.490 

8.839 
9.193 
9.553 

11.44 
13.48 
15.70 

18.10 
20.69 
23.48 
26.46 
29.63 
36.::'0 

43.47 
50.26 
56.80 
63.11 

69.49 
75.79 
82.02 
88.16 
94.24 

100.2 
106.2 
112.1 

117.9 
123.7 

129.5 

140.9 
152.2 
163.3 
174.4 
185.4 
196.4 
207.2 

2::S4.3 

Entropy 
kj/kg ·K 

31.25 
31.80 

32.29 
32.75 
33.16 

33.55 
33.90 

1.413 
1.718 
1.982 
2.257 
2.538 
2.831 
3.138 
3.202 
3.265 
3.327 

3.389 
3.450 
3.512 
3.573 

3.634 
3.694 
3.755 
4.059 
4.365 
4.673 

4.986 
5.303 
5.625 
5.951 
6.277 
6.939 

7.551 
8.099 
8.586 
9.022 

9.434 
9.816 

10.17 
10.50 
10.82 
11.11 
11.39 
11.bo 

i1.90 
12.13 

12.36 

12.78 
13.17 
13.53 
13.87 
14.18 
14.48 
14.76 

C
" I C" 

kJ/kg ·K 

3.118 
3.118 

3.118 
3.118 
3.118 

3.117 
3.1I7 

1.977 
1.301 
1.600 
1.772 
1.921 
2.095 
2.294 
2.332 
2.350 
2.329 

2.335 
2.341 
2.350 
')359 

2.369 
2.380 
2.392 
2.458 
2.530 
2.601 

2.669 
2.732 
2.791 
2.845 
2.894 
2.973 

3.020 
3.049 
3.069 
3.084 

3.102 
3.115 
3.126 
3.134 
3.140 
3.144 
3.148 
::I. loU 

3.152 
3.153 

3.154 

3.154 
3.154 
3.154 
3.153 
3.152 
3.151 
3.150 

5.192 
5.192 

5.192 
5.193 
5.193 

5.193 
5.193 

1.989 
1.335 
1.712 
2.018 
2.343 
2.717 
3.121 
3.200 
3.257 
3.276 

3.323 
3.371 
3.422 
::U.74 

3.528 
3.583 
3.640 
3.943 
4.272 
4.621 

4.986 
5.359 
5.728 
6.075 
6.376 
6.720 

6.751 
6.640 
6.513 
6.423 

6.342 
6.261 
6.183 
6.109 
6.040 
5.977 
5.919 
o.8bb 

5.819 
5.775 

5.736 

5.667 
5.610 
5.562 
5.522 
5.487 
5.458 
5.432 

5.382 

Velocity 
of sound 

m/s. 

1768.0 
1864.0 

1954.0 
2041.0 
2124.0 

2204.0 
2281.0 

343.2 
350.2 
351.4 
351.8 
350.9 
346.8 
339.4 
337.9 
337.2 
336.6 

335.5 
334.2 
333.0 
331£. 

330.2 
328.8 
327.3 
319.3 
310.8 
302.1 

293.6 
285.5 
278.1 
271.7 
266.5 
259.2 

257.1 
258.2 
261.1 
264.8 

269.9 
275.4 
281.1 
287.0 
292.9 
298.8 
304.6 
310.4 

316.2 
321.8 

327.4 

338.3 
348.8 
359.0 
368.9 
378.5 
387.8 
396.9 

4UU 
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1012 

Temper. 
ature 

K 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
llOO.O 
1200.0 
1300.0 

1400.0 
1500.0 

2.0 
? .5 

3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
a.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 

1tO 

8.5 
9.0 
9.5 

10.0 

Density 
kg/m3 

18.43 
16.78 
15.41 
14.25 
13.25 
12.39 
11.64 
10.37 
9.360 

7.526 
. 6.294 

5.410 
4.744 
4.224 
3.807 
3.465 
3.179 
2.729 
2.391 

2.127 
1.915 
1.598 
1.371 
1.200 
1.067 
0.9607 
0.8736 
0.8009 
0.7395 

0.6867 
0.6410 

175.3 
174.5 

173.5 
171.9 
169.7 
167.1 
164.1 
163.4 
162.7 
162.1 

161.4 
160.8 
160.1 
159.5 

158.8 
158.1 
157.4 
153.7 

149.9 
145.8 

l.tl!; 

137.1 
132.5 
127.7 
122.8 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.14 
1.24 
1.35 
1.46 
1.57 
1.67 
1.78 
1.99 
2.20 

2.72 
3.24 
3.76 
4.28 
4.80 
5.31 
5.83 
6.35 
7.39 
8.42 

9.46 
10.5 
12.6 
14.6 
16.7 
18.8 
20.9 
22.9 
25.0 
27.1 

29.2 
31.2 

1.27 
1.32 

L30 
1.24 
1.17 
1.09 
1.01 
1.00 
0.989 
0.974 

0.960 
0.945 
0.930 
U.!Ho 

0.902 
0.887 
0.873 
0.805 

0.740 
0.679 

/)n?~ 

0.572 
0.526 
0.487 
0.453 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.412 
0.372 
0.340 
0.312 
0.289 
0.269 
0.252 
0.224 
0.201 

0.160 
0.133 
0.ll4 
0.100 
0.0888 
0.0799 
0.0727 
0.0666 
0.0571 
0.0499 

0.0444 
0.0400 
0.0333 
0.0285 
0.0250 
0.0222 
0.0200 
0.0182 
0.0167 
0.0154 

0.0143 
0.0133 

2.45 
2. ')7 

3.55 
4.73 
5.57 
6.04 
6.23 
6.24 
6.26 
6.26 

6.25 
6.25 
6.24 
o.~~ 

6.20 
6.19 
6.16 
6.02 

5.84 
5.63 

!; 40 

5.15 
4.90 
4.64 
4.38 

Internal 
energy 
kJ/kg 

152.5 
168.5 
184.5 
200.3 
216.2 
232.0 
247.8 
279.2 
310.6 

389.0 
467.2 
545.3 
623.4 
701.4 
779.4 
857.4 
935.3 

1091.0 
1247.0 

1403.0 
1559.0 
1871.0 
2182.0 
2494.0 
2806.0 
3117.0 
3429.0 
3740.0 
4052.0 

4364.0 
4675.0 

Enthalpy 
kJ/kg 

261.1 
287.7 
314.3 
340.7 
367.1 
393.4 
419.6 
472.0 
524.3 

654.8 
784.9 
915.0 

1045.0 
1175.0 
1305.0 
1435.0 
1564.0 
1824.0 
2084.0 

2343.0 
2603.0 
3122.0 
3641.0 
4161.0 
4680.0 
5199.0 
5718.0 
6238.0 
6757.0 

7276.0 
7795.0 

25.0 X 1()f5 pascal Isobar 

-11.19 
-10.69 

-10.16 
-9.514 
-8.730 
-7.783 
-6.634 
-6.376 
-6.106 
-5.858 

-5.608 
-5.356 
-5.102 
-4.M45 

-4.584 
-4.321 
-4.055 
-2.673 

-1.202 
0.3588 

2.014 

3.762 
5.600 
7.523 
9.526 

3.065 
3.627 

4.241 
5.031 
5.998 
7.176 
8.602 
8.922 
9.255 
9.564 

9.875 
10.19 
10.51 
1O.M3 

11.16 
11.49 
11.83 
13.59 

15.48 
17.50 

19.6R 

22.00 
24.47 
27.10 
29.88 

Entropy 
kJ/kg ·K 

15.96 
16.47 
16.93 
17.35 
17.74 
18.10 
18.44 
19.06 
19.61 

20.78 
21.73 
22.53 
23.22 
23.83 
24.38 
24.88 
25.33 
26.13 
26.82 

27.43 
27.98 
28.93 
29.73 
30.42 
31.03 
31.58 
32.07 
32.53 
32.94 

33.33 
33.68 

1.401 
1.673 

1.922 
2.181 
2.446 
2.723 
3.014 
3.073 
3.133 
3.192 

3.250 
3.308 
3.366 
3.4:23 

3,481 
3.538 
3.595 
3.878 

4.161 
4.444 

4.727 
5.012 
5.298 
5.585 
5.873 

Ct. I C p 

kJ/kg ·K 

3.145 
3.142 
3.140 
3.138 
3.137 
3.135 
3.134 
3.132 
3.130 

3.127 
3.125 
3.124 
3.123 
3.122 
3.122 
3.121 
3.121 
3.120 
3.120 

3.119 
3.ll9 
3.119 
3.118 
3.li8 
3.118 
3.118 
3.ll8 
3.ll8 
3.118 

3.11B 
3.1I8 

1.606 
1.229 

1.526 
1.695 
1.852 
2.038 
2.246 
2.286 
2.305 
2.286 

2.293 
2.301 
2.310 
~.;j21 

2.332 
2.344 
2.357 
2.427 

2.500 
2.571 

2.6.~9 

2.701 
2.759 
2.811 
2.858 

5.345 
5.317 
5.296 
5.280 
5.267 
5.256 
5.247 
5.234 
5.225 

5.211 
5.204 
5.200 
5.198 
5.196 
5.195 
5.194 
5.194 
5.193 
5.193 

5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 

5.192 
5.193 

1.637 
1.261 

1.622 
1.909 
2.220 
2.576 
2.957 
3.031 
3.083 
3.097 

3.137 
3.179 
3.223 
3.26M 

3.315 
3.362 
3.411 
3.067 

3.938 
4.220 

4.509 

4.803 
5.097 
5.385 
5.660 

Velocity 
of sound 

m/s 

439.2 
458.B 
477.5 
495.4 
512.7 
529.4 
545.5 
576.4 
605.6 

673.2 
734.4 
791.0 
843.7 
893.4 
940.4 
985.2 

1028.0 
1109.0 
1184.0 

1255.0 
1322.0 
1447.0 
1561.0 
1668.0 
1769.0 
1864.0 
1954.0 
2041.0 
2124.0 

2204.0 
2281.0 

359.2 
36S.5 

371.6 
373.8 
374.4 
371.5 
365.3 
364.0 
363.6 
363.3 

362.3 
36L3 
360.3 
359.1 

358.0 
356.7 
355.5 
348.7 

341.3 
333.7 

326.2 

318.8 
311.8 
305.3 
299.5 



Temper. 
ature 

K 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
230 

24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 

38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

1000 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275,0 

300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.0 

Density 
kg/rn 3 

112.9 
103.4 
94.84 
87.43 
81.06 

75.37 
70.38 
65.98 
62.10 
58.65 
55.56 
52.80 
50.30 

48.05 
45.99 

44.11 
40.81 
37.98 
35.55 
33.42 
31.54 

29.88 
28.39 

25.26 
22.78 
20.76 
19.07 
17.64 
16.42 
15.36 
14.43 
12.87 
11.62 

9.354 
7.830 
6.735 
5.909 
5.263 
4.745 
4.320 

3.964 
3.404 
2.983 

2.655 
2.391 
1.995 
1.712 
1.499 

1.333 
1.200 
1.091 
1.001 
0.9240 

0.8581 
0.8011 

179.2 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.403 
0.378 
0.372 
0.377 
0.387 

0.402 
0.418 
0.437 
0.457 
0.478 
0.500 
0.522 
0.545 

0.568 
0.591 

0.614 
0.661 
0.708 
0.755 
0.801 
0.841 

0.893 
0.938 

1.05 
1.16 
1.27 
1.38 
1.49 
1.59 
1.70 
1.81 
2.02 
2.23 

2.75 
3.27 
3.79 
4.31 
4.83 
5.34 
5,36 

6.38 
7.42 
8.45 

9.49 
10.5 
12.6 
14.7 
16.1 

18.8 
20.9 
23.0 
25.0 
27.1 

29.2 
31.3 

1.34 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1013 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
I05Pa/K 

3.84 
3.36 
2.96 
2.62 
2.35 

2.14 
1.96 
1.80 
1.67 
1.56 
1.46 
1.37 
l?Q 

1.22 
1.16 

1.10 
1.01 
0.926 
0.857 
0.798 
0.141 

0.702 
0.663 

0.581 
0.518 
0.468 
0.426 
0.392 
0.363 
0.338 
0.316 
0.280 
0.251 

0.200 
0.167 
0.143 
0.125 
0.111 
0.100 
0090R 

O~0832 

0.0713 
0.0624 

0.0555 
0.0499 
0.0416 
0.0357 
0.0312 

0.0278 
0.0250 
0.0227 
0.0208 
0.0192 

0.0178 
0.0167 

3.92 

Internal 
energy 
kl/kg 

13.90 
18.37 
22.77 
27.02 
31.09 

35.08 
39.00 
42.86 
46.66 
50.40 
54.10 
57.75 
';137 

64.94 
68.49 

72.00 
78.95 
85.81 
92.60 
99.33 

100.0 

112.6 
119.2 

135.6 
151.8 
167.9 
183.9 
199.8 
215.7 
231.6 
247.4 
279.0 
310.4 

388.9 
467.2 
545.3 
623.4 
701.5 
779.5 
257,5 

935.5 
1091.0 
1247.0 

1403.0 
1559.0 
1871.0 
2183.0 
2494.0 

2806.0 
3118.0 
3429.0 
3741.0 
4053.0 

4364.0 
%76.0 

Enthalpy 

kJ/kg 

36.05 
42.55 
49.13 
55.61 
61.93 

,68.25 
74.52 
80.75 
86.92 
93.03 
99.09 

105.1 
1111 

117.0 
122.8 

128.7 
140.2 
151.6 
162.9 
174.1 
185.3 

196.3 
207.3 

234.5 
261.5 
288.3 
315.0 
341.5 
368.0 
394.4 
420.7 
473.2 
525.6 

656.2 
786.5 
916.6 

1047.0 
1176.0 
1306.0 
1436,0 

1566.0 
1826.0 
2085.0 

2345.0 
2605.0 
3124.0 
3643.0 
4162.0 

%81.0 
5201.0 
5720.0 
6239.0 
6758.0 

7278.0 
7797.0 

·30.0 X 10+5 pascal Isobar 

-10.90 5.835 

Entropy 
kl/kg ·K 

6.%9 
7.040 
7.572 
8.056 
8.494 

8.901 
9.282 
9.638 
9.97 

10.28 
10.58 
10.86 
lLH 

11.38 
11.62 

11.84 
12.27 
12.67 
13.03 
13.37 
13.69 

13.99 
14.27 

14.91 
15.48 
15.99 
16.45 
16.88 
17.27 
17.64 
17.98 
18.59 
19.15 

20.31 
21.26 
22.06 
22.76 
23.37 
23.92 
24.41 

24.87 
25.67 
26.36 

26.97 
27.52 
28.46 
29.26 
29.9b 

30.57 
31.12 
31.61 
32.06 
32.48 

32.86 
33.22 

1.376 

Ct· I Cp 

kj/kg ·K 

2.940 
2.994 
3.028 
3.053 
3.071 

3.091 
3.108 
3.120 
3.131 
3.138 
3.144 
3.149 
3.153 
3.155 
3.157 

3.159 
3.160 
3.161 
3.161 
3.160 
3.159 

3.158 
3.157 

3.154 
3.151 
3.148 
3.1% 
3.144 
3.142 
3.140 
3.139 
3.136 
3.134 

3.130 
3.128 
3.126 
3.125 
3.124 
3.123 
3.122 

3.122 
3.121 
3.121 

3.120 
3.120 
3.119 
3.119 
3.119 

3.119 
3.118 
3.118 
3.118 
3.118 

3.118 
3.118 

1.385 

6.111 
6.358 
6.423 
6.391 
6.331 

6.296 
6.250 
6.198 
6.143 
6.089 
6.035 
5.984 
5.936 
5.890 
5.848 

5.809 
5.738 
5.677 
5.625 
5.581 
5.542 

5.508 
5.479 

5.421 
5.377 
5.345 
5.320 
5.300 
5.284 
5.271 
5.260 
5.244 
5.233 

5.216 
5.207 
5.202 
5.199 
5.197 
5.195 
5.194 

5.194 
5.193 
5.193 

5.192 
5.192 
5.192 
5.192 
!J.IYl 

5.192 
5.192 
5.192 
5.192 
5.192 

5.192 
5.192 

1.457 

Velocity 
of sound 

m/s 

289.2 
283.2 
280.8 
281.0 
282.6 

286.0 
290.1 
294.6 
299.5 
304.5 
309.7 
315.0 
320.3 
325.6 
330.9 

336.1 
346.5 
356.6 
366.5 
376.1 
385.4 

394.6 
403.5 

424.9 
445.2 
464.5 
483.0 
500.7 
517.8 
534.3 
550.3 
580.9 
609.9 

677.0 
737.9 
794.1 
846.6 
896.0 
942.9 
987.5 

1030.0 
1111.0 
1186.0 

1256.0 
1323.0 
1448.0 
1563.0 
IbbY.O 

1770.0 
1865.0 
1955.0 
2042.0 
2125.0 

2204.0 
2281.0 

375.0 
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1014 

Temper· 
ature 

K 

2.5 
3.0 
3.5 

4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 

13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 

26.0 
28.0 

30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 

75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

Density 
kg/m 3 

178.2 
177.2 
175.7 
173.7 
.171.4 
168.6 
168.0 
167.4 
166.8 

166.3 
165.7 
165.1 
164.5 
163.9 
163.3 
162.6 
159.4 
156.0 
152.5 

148.8 
144.9 
140.9 
136.8 
132.6 
123.9 
11::;.3 

107.1 
99.7 
93.05 

87.05 
81.68 
76.87 
72.57 
68.70 
65.22 
62.07 
59.21 
56.61 
54.24 

52.06 
4B.21 

44.91 
42.06 
39.56 
37.36 
35.40 
33.65 

29.96 
27.04 
24.65 
22.66 
20.97 
19.53 

18.27 
17.17 
15.33 
13.85 

11.16 
9.352 
8.049 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.44 
1.43 
1.38 
1.32 
1.25 
1.17 
1.16 
1.15 
1.13 

1.12 
1.10 
1.09 
1.07 
U\6 

1.05 
1.03 
0.963 
0.898 
0.835 

0.777 
0.723 
0.673 
0.629 
0.589 
0.522 
0.478 

0.455 
0.447 
0.450 

0.457 
0.469 
0.484 
0.500 
0.518 
0.538 
0.558 
0.579 
0.601 
0.623 

0.645 
0.6')0 

0.736 
0.782 
0.828 
0.874 
0.919 
0.965 

1.08 
1.19 
1.30 
1.41 
1.52 
1.62 

1.73 
1.84 
2.05 
2.26 

2.78 
3.30 
3.82 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 Pa/K 

2.52 
3.65 
4.86 
5.73 
6.25 
6.47 
6.49 
6.51 
6.52 

6.53 
6.52 
6.52 
6.51 
6.50 

6.49 
6.48 
6.37 
6.22 
6.05 

5.85 
5.63 
5.41 
5.17 
4.94 
4.44 
3.96 

3.53 
3.16 
2.85 

2.60 
2.38 
2.20 
2.04 
1.90 
1.78 
1.67 
1.58 
1.49 
1.41 

1.35 
1.23 

1.13 
1.04 
0.969 
0.906 
0.851 
0.802 

0.702 
0.625 
0.564 
0.514 
0.472 
0.436 

0.406 
0.380 
0.336 
0.302 

0.241 
0.200 
0.171 

Internal 
energy 
kJ/kg 

-10.47 
-9.99 
-9.397 
-8.673 
-7.789 
-6.706 
-6.462 
-6.206 
-5.972 

-5.736 
-5.499 
-5.259 
-5.017 
-4.772 

-4.525 
-4.274 
-2.977 
-1.602 
-0.1460 

1.392 
3.010 
4.707 
6.478 
8.320 

12.40 
16.65 

20.93 
25.16 
29.27 

33.24 
37.17 
41.04 
44.87 
48.65 
52.39 
56.09 
59.74 
63.36 
66.95 

70.51 
77.55 

84.50 
91.37 
98.17 

104.9 
111.6 
118.3 

134.7 
151.0 
167.2 
183.3 
199.3 
215.3 

231.2 
247.0 
278.7 
310.2 

388.8 
467.2 
545.4 

Enthalpy 

kJ/kg 

6.356 
6.934 
7.675 
8.592 
9.716 

11.08 
11.39 
11. 71 
12.01 

12.31 
12.61 
12.91 
13.22 
13.53 

13.85 
14.17 
15.84 
17.63 
19.53 

21.56 
23.71 
26.00 
28.41 
30.94 
36.62 
42.67 

48.94 
55.26 
61.51 

67.71 
73.90 
80.07 
86.21 
92.32 
98.39 

104.4 
1l0A 
116.4 
122.3 

128.1 
139.0 

151.3 
162.7 
174.0 
185.2 
196.4 
207.4 

234.9 
262.0 
288.9 
315.7 
342.4 
3t>8.'l 

395.4 
421.8 
474.4 
526.9 

657.6 
788.0 
918.1 

Entropy 
kJ/kg ·K 

1.630 
1.869 
2.114 
2.367 
2.631 
2.909 
2.966 
3.023 
3.079 

3.135. 
3.191 
3.246 
3.301 
3.355 

3.410 
3.464 
3.734 
4.001 
4.267 

4.533 
4.797 
5.061 
5.325 
5.589 
6.136 
6.669 

7.176 
7.649 
8.083 

8.483 
8.858 
9.211 
9.543 
9.856 

10.15 
10.43 
10.70 
10.95 
11.19 

11.42 
11.06 

12.25 
12.62 
12.96 
13.28 
13.58 
13.87 

14.51 
15.09 
15.60 
16.07 
16.49 
lo.8'J 

17.25 
17.59 
18.21 
18.77 

19.93 
20.88 
21.69 

C,. I Cp 

kJ/kg ·K 

1.183 
1.459 
1.624 
1.789 
1.986 
2.204 
2.246 
2.266 
2.249 

2.257 
2.267 
2.278 
2.289 
2.302 

2.315 
2.329 
2.402 
2.478 
2.551 

2.619 
2.682 
2.739 
2.790 
2.837 
2.922 
2.978 

3.016 
3.042 
3.062 

3.084 
3.101 
3.116 
3.127 
3.136 
3.1M 
3.149 
3.154 
3.157 
3.160 

3.162 
3.165 

3.166 
3.166 
3.166 
3.165 
3.164 
3.163 

3.160 
3.157 
3.154 
3.151 
3.149 
3.141 

3.145 
3.143 
3.140 
3.137 

3.133 
3.130 
3.128 

1.218 
1.548 
1.817 
2.119 
2.466 
2.833 
2.904 
2.953 
2.964 

3.001 
3.040 
3.080 
3.121 
3.163 

3.206 
3.250 
3.479 
3.719 
3.963 

4.211 
4.459 
4.707 
4.952 
5.191 
5.625 
5.944 

6.125 
6.189 
6.186 

6.196 
6.184 
6.159 
6.126 
6.089 
6.049 
6.009 
5.968 
5.929 
5.891 

5.855 
::;.700 

5.728 
5.675 
5.629 
5.588 
5.552 
5.520 

5.456 
5.407 
5.370 
5.341 
5.319 
!).300 

5.285 
5.273 
5.254 
5.241 

5.220 
5.2JO 
5.203 

Velocity 
of sound 

mls 

384.6 
389.5 
393.4 
395.2 
393.3 
387.9 
386.8 
386.4 
386.3 

385.5 
384.6 
383.7 
382.7 
gS1.7 

380.7 
379.6 
373.5 
367.0 
360.2 

353.4 
346.7 
340.2 
334.0 
328.2 
317.0 
308.8 

303.9 
301.7 
301.4 

303.1 
305.8 
309.2 
313.0 
317.2 
321.7 
326.3 
331.0 
335.8 
340.7 

345.5 

364.8 
374.3 
,383.6 
392.7 
401.6 
410.3 

431.3 
451.2 
470.2 
488.5 
506.0 
522.9 
539.3 
555.1 
585.4 
614.2 

680.8 
741.3 
797.2 



Temper-
ature 

K 

200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
19000 

1300.0 

1400.0 
1500.0 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 

5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 

8.5 
9.0 
9.5 

100 

11.0 
12.0 
13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

Density 
kg/m3 

7.065 
6.296 
5.678 
5.170 
4.746 
4.077 
3.574 

3.181 
2.866 
2.392 
2.052 
1.797 
1.599 
1.439 
1.309 
1.200 

1.108 

1.029 
0.9610 

181.6 
180.6 
179.2 
177.3 
175.1 
172.6 
172.1 
171.5 
171.0 

170.5 

169.9 
169.4 
168.8 
168.3 
167.7 
167.2 
164.2 
161.2 
158.0 
154.7 

151.2 
147.7 
144.1 
140.3 

132.6 
124.8 
117.2 
110.0 
103.4 
97.29 

91.74 
86.69 
82.10 
77.94 
74.16 
70.72 
67.57 

Isotherm 
derivative 

105 m3 • Pa{kg 

4.34 
4.86 
5.38 
5.89 
6.41 
7.45 
8.48 

9.52 
10.6 
12.6 
14.7 
16.8 
18.8 
20.9 
23.0 
25.1 

27.1 

29.2 
31.3 

1.54 
1.55 
1.52 
1.46 
1.39 
1.32 
1.31 
1.30 
1.2B 

1.27 

1.25 
1.24 
1.22 
1.21 
1.20 
1.18 
1.11 
1.05 
0.985 
0.925 

0.868 
0.816 
0.768 
0.724 

0.646 
0.588 
0.550 
0.529 
0.522 
0.522 

0.528 
0.537 
0.550 
0.565 
0.582 
0.600 
0.619 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1015 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10SPa{K 

0.150 
0.133 
0.120 
0.109 
0.100 
0.0856 
0.0749 

0.0666 
0.0599 
0.0499 
0.0428 
0.0375 
0.0333 
0.0300 
0.0272 
0.0250 

0.0231 

0.0214 
0.0200 

2.94 
3.83 
5.01 
5.90 
6.44 
6.69 
6.71 
6.74 
6.75 

6.76 

6.76 
6.76 
6.76 
6.76 
6.75 
6.74 
6.66 
6.54 
6.39 
6.22 

6.03 
5.83 
5.62 
5.40 

4.93 
4.48 
4.05 
3.66 
3.32 
3.04 

2.80 
2.59 
2.40 
2.24 
2.10 
1.97 
1.86 

Internal 
energy 
kJ/kg 

623.5 
701.6 
779.6 
857.7 
935.7 

1092.0 
1248.0 

1403.0 
1559.0 
1871.0 
2183.0 
2495.0 
2806.0 
3118.0 
3430.0 
3741.0 

.4053.0 

4365.0 
4676.0 

Enthalpy 
kJ/kg 

1048.0 
1178.0 
1308.0 
1438.0 
1568.0 
1827.0 
2087.0 

2347.0 
2606.0 
3125.0 
3645.0 
4164.0 
4683.0 
5202.0 
5721.0 
6241.0 

6760.0 

7279.0 
7798.0 

35.0 X lOt:; pascal Isobar 

-10.23 
-9.795 
-9.246 
-8.575 
-7.743 
-6.713 
-6.480 
-6.234 
-6.012 

-5.788 

-5.562 
-5.334 
-5.104 
-4.871 
-4.635 
-4.397 
-3.165 
-1.861 
-0.4831 

0.9696 

2.495 
4.090 
5.754 
7.4S1 

11.35 
15.40 
19.54 
23.70 
27.80 
31.73 

35.63 
39.50 
43.33 
47.12 
50.88 
54.60 
58.28 

9.033 
9.585 

10.29 
11.16 
12.24 
13.56 
13.86 
14.17 
14.46 

14.74 

15.03 
15.33 
15.63 
15.93 
16.23 
16.54 
18.]4 
19.85 
21.67 
23.60 

25.64 
27.79 
30.05 

·32.-12 

37.74 
43.44 
49.41 
55.52 
61.66 
67.70 

73.78 
79.87 
85.96 
92.03 
98.07 

104.1 
110.1 

Entropy 
kJ/kg ·K 

22.38 
22.99 
23.54 
24.03 
24.49 
25.29 
25.98 

26.59 
27.14 
28.09 
28.89 
29.58 
30.19 
30.74 
31.23 
31.6S 

32.10 

32.49 
32.84 

1.589 
1~821 
2.055 
2.297 
2.550 
2.819 
2.874 
2.929 
2.933 

3.037 

3.090 
3.143 
3.196 
3.249 
3.302 
3.354 
3.613 
3.869 
4.123 
4.376 

4.626 
4.876 
5.124 
5.371 

5.885 
6.387 
6.870 
7.:J,27 

7.753 
8.143 

8.512 
8.860 
9.189 
9.501 
9.796 

10.08 
10.34 

e,. I Cp 

kJ/kg ·K 

3.126 
3.125 
3.124 
3.124 
3.123 
3.122 
3.122 

3.121 
3.121 
3.120 
3.120 
3.119 
3.119 
3.119 
3.1]9 
2.119 

3.119 

3.119 
3.118 

1.164 
1.401 
1.559 
1.731 
1.939 
2.167 
2.210 
2.233 
2.217 

2.226 

2.237 
2.249 
2.262 
2.275 
2.290 
2.304 
2.382 
2.460 
2.535 
2.604 

2.667 
2.725 
2.777 
2.824 

2.910 
2.968 
3.008 
.~O:~7 

3.058 
3.079 

3.097 
3.112 
3.124 
3.134 
3.143 
3.149 
3.155 

5.200 
5.197 
5.196 
5.195 
5.194 
5.193 
5.192 

5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 
5.192 

5.192 

5.192 
5.192 

1.207 
1.488 
1.739 
2.035 
2.376 
2.736 
2.805 
2.852 
2.061 

2.896 

2.932 
2.970 
3.008 
3.048 
3.088 
3.129 
3.341 
3.S59 
3.780 
4.002 

4.223 
4.442 
4.658 
4.869 

5.265 
5.593 
5.827 
5 QF.2 

6.017 
6.068 

6.089 
6.090 
6.079 
6.059 
6.033 
6.005 
5.974 

. Velocity 
of sound 

mls 

849.5 
898.7 
945.4 
989.9 

1032.0 
1113.0 
1188.0 

1258.0 
1325.0 
1449.0 
1564.0 
1670.0 
1771.0 
1866.0 
1956.0 
20-12.0 

2125.0 

2205.0 
2282.0 

399.0 
405.8 
411.2 
414.0 
412.8 
408.0 
407.0 
406.7 
406.7 

406.0 

405.3 
404.5 
403.6 
402.7 
401.7 
400.7 
395.3 
389.4 
383.2 
376.9 

370.8 
364.7 . 

358.9 
353.4 

342.0 
332.9 
326.4 
322.4 

320.4 
320.7 

322.1 
324.3 
327.2 
330.5 
334.2 
338.2 
342.3 

J. PhY$. C:h~m. Rd. I)o.u, Vol. 2, No.4, 1973 



1016 

Temper. 
ature 

K 

24.0 
25.0 
26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 

5.5 
5.6 
.1:).7 

5.8 

Density 
kg/m 3 

64.69 
62.05 
59.61 

55.29 
51.57 
48.33 
45.50 
42.99 
40.76 
38.75 

34.55 
31.19 
28.46 
26.17 
24.24 
22.58 
21.14 
19.87 
17.75 
16.05 

12.95 
10.86 
9.352 
8.213 
7.322 
6.605 
6.017 
5.524 
4.748 
4.162 

3.705 
3.339 
2.787 
2.392 
2.095 
1.864 
1.678 
1.526 
1.400 
1.293 

1.201 
1.121 

184.8 
183.7 
182.4 
180.6 
178.6 
176.2 
175.7 
175.2 
174.7 
174.2 

173.7 
173.2 
172.7 

172.2 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.639 
0.659 
0.680 

0.723 
0.767 
0.812 
0.857 
0.903 
0.948 
0.993 

1.11 
1.22 
1.33 
1.44 
1.55 
1.65 
1.76 
1.87 
2.08 
2.29 

.2.81 
3.33 
3.85 
4.37 
4.89 
5.41 
5.92 
6.44 
7.47 
8.51 

9.54 
10.6 
12.6 
14.7 
16.8 
18.9 
20.9 
23.0 
25.1 
27.2 

29.2 
31.3 

1.62 
1.66 
1.64 
1.59 
1.53 
1.46 
1.45 
1.44 
1.42 
1.41 

1.40 
1.38 
1 .. ~7 

1.35 
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Thermodynamic properties of helium 4-Continu~d 

Isochore 
derivative 
10sPa/K 

1.76 
1.67 
1.59 

1.45 
1.33 
1.23 
1.14 
1.07 
1.00 
0.943 

0.825 
0.734 
0.661 
0.602 
0.552 
0.510 
0.475 
0.444 
0.393 
0.352 

0.281 
0.233 
0.200 
0.175 
0.155 
0.140 
0.127 
0.116 
0.100 
0.0873 

0.0776 
0.0699 
0.0582 
0.0499 
0.0437 
0.0388 
0.0350 
0.0318 
0.0291 
0.0269 

0.0250 
0.0233 

3.56 
4.09 
5.20 
6.08 
6.62 
6.88 
6.91 
6.94 
6.95 
0.97 

6.97 
6.98 
6.98 
6.98 

Internal 
energy 
kJ/kg 

61.94 
65.56 
69.15 

76.26 
83.27 
90.20 
97.07 

103.9 
110.6 
117.3 

133.9 
150.3 
166.6 
182.8 
198.8 
214,8 
230.8 
246.7 
278.4 
310.0 

388.7 
467.1 
545.4 
623.6 
701. 7 
779.8 
857.8 
935.8 

1092.0 
1248.0 

1404.0 
1560.0 
1871.0 
2183.0 
2495.0 
2807.0 
3118.0 
3430.0 
3742.0 
4053.0 

4365.0 
4677.0 

Enthalpy 
kJ/kg 

116.0 
122.0 
127.9 

139.6 
151.1 
162.6 
174.0 
185.3 
196.5 
207.6 

235.2 
262.5 
289.6 
316.5 
343.2 
369.9 
396.4 
422.8 
475.6 
528.1 

659.0 
789.5 
919.7 

1050.0 
1180.0 
1310.0 
1440.0 
1569.0 
1829.0 
2089.0 

2348.0 
2608.0 
3127.0 
3646.0 
4165.0 
4685.0 
5204.0 
5723.0 
6242.0 
6761.0 

7280.0 
7800.0 

40.0 X 1()l-5 pascal Isobar 

-9.98 
-9.574 
-9.069 
-8.444 
-7.657 
-6.672 

-6.448 
-6.212 
-5.998 
-5.764 

-5.567 
-5.349 
-5.128 
-4.905 

11.66 
12.19 
12.86 
13.70 
14.74 
16.03 

16.32 
16.62 
16.90 
17.18 

17.46 
17.74 
18.03 
18.33 

Entropy 
kJ/kg ·K 

10.60 
10.84 
11.07 

11.50 
11.90 
12.27 
12.62 
12.94 
13.24 
13.53 

14.18 
14.75 
15.27 
15.74 
16.17 
16.56 
16.93 
17.27 
17.89 
18.44 

19.61 
20.56 
21.37 
22.06 
22.67 
23.22 
23.72 
24.17 
24.97 
25.66 

26.27 
26.82 
27.77 
28.57 
29.26 
29.S7 
30.42 
30.91 
31.36 
31.78 

32.17 
32.52 

1.547 
1. 776 
2.002 
2.234 
2.479 
2"'39 
2.792 
2.845 
2.898 
2.9GO 

3.002 
3.054 
3.105 
3.156 

Cv I Cp 

kJ/kg ·K 

3.159 
3.162 
3.165 

3.168 
3.170 
3.171 
3.171 
3.171 
3.170 
3.169 

3.166 
3.163 
3.159 
3.157 
3.154 
3.151 
3.149 
3.147 
3.144 
3.141 

3.136 
3.132 
3.130 
3.128 
3.127 
3.126 
3.125 
3.124 
3.123 
3.123 

3.122 
3.122 
3.121 
3.120 
3.120 
3.120 
3.120 
3.119 
3.119 
3.119 

3.119 
3.119 

1.172 
1.354 
1.501 
1.679 
1.897 
2.134 

2.179 
2.202 
2.188 
2.199 

2.211 
2.224 
2.238 
2.252 

5.942 
5.911 
5.879 

5~819 

5.763 
5.712 
5.666 
5.625 
5.588 
5.555 

5.487 
5.435 
5.394 
5.362 
5.336 
5.316 
5.299 
5.285 
5.264 
5.248 

5.225 
5.212 
5.205 
5.201 
5.198 
5.196 
5.195 
5.194 
5.193 
5.192 

5.192 
5.192 
5.192 
5.192 
5.192 
5.JlJ2 

5.192 
5.192 
5.192 
5.192 

5.192 
5.192 

1.229 
1.443 
1.674 
1.964 
2.302 
2.tl:ltl 

2.724 
2.770 
2.778 
2.011 

2.846 
2.882 
2.918 
2.956 

Velocity 
of sound 

m/s 

346.6 
351.0 
355.4 

364.4 
373.5 
382.5 
391.4 
400.1 
408.8 
417.2 

437.7 
457.3 
476.0 
494.0 
511.3 
528.0 
544.2 
559.9 
590.0 
618.5 

684.6 
744.7 
800.4 
852.4 
901.4 
947.9 
992.2 

1035.0 
1115.0 
1189.0 

1260.0 
1326.0 
1451.0 
1565.0 
1671.0 
iT/l.O 

1866.0 
1957.0 
2043.0 
2126.0 

2206.0 
2282.0 

412.4 
420.9 
427.7 
431.4 
430.5 
4Z0.2 

425.3 
425.1 
425.1 
424.5 

423.9 
423.1 
422.4 
421.5 



T~mper. 
ature 

K 

5.9 
6.0 
6.5 
7.0 
7.5 
8.0 

8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

.24.0 
25.0 
26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 

Density 
kg/m3 

171.7 
171.1 
168.5 
165.7 
162.7 
159.7 

156.6 
153.4 
150.1 
146.7 
139.7 
132.6 
125.6 
118.7 
112.3 
106.3 

100.7 
95.51 
90.76 
Htl.41 

82.41 
78.75 
75.38 
72.27 
69.41 
66.76 

62.04 
57.94 
54.37 
51.22 
48.44 
45.95 
43.71 

39.01 
35.25 
32.18 
29.62 
27.44 
25.58 
23.95 
22.53 
20.14 
18.21 

14.72 
12.35 
10.64 
9.353 

8.342 
7.528 
6.859 
6.299 
5.415 
4.749 

4.228 
3.811 
3.182 
2.732 
2.393 
2.129 
1.917 

Isotherm 
derivative 

105 rn3 . Pa/kg 

1.34 
1.33 
1.26 
1.19 
1.13 
1.07 

1.01 
0.955 
0.904 
0.858· 
0.772 
0.704 
0.653 
0.620 
0.602 
0.594 

0.593 
0.598 
0.606 
O.IiHt 

0.631 
0.647 
0.663 
0.681 
0.700 
0.720 

0.760 
0.803 
0.846 
0.890 
0.934 
0.979 
1.02 

1.14 
1.25 
1.36 
1.47 
1.58 
1.68 
1. 79 
1.90 
2.11 
2.32 

2.84 
3.36 
3.88 
4.40 

4.92 
5.44 
5.95 
6.47 
7.50 
8.54 

9.57 
10.6 
12.7 
14.7 
16.8 
18.9 
21.0 

THERMODYNAMIC PROPERTIES OF HELIUM 4 J017 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lOsPa/K 

6.97 
6.97 
6.91 
6.81 
6.68 
6.53 

6.36 
6.18 
5.99 
5.80 
5.36 
4.92 
4.50 
4.11 
3.75 
3.46 

3.19 
2.96 
2.76 
? .c:;~ 

2.41 
2.27 
2.14 
2.03 
1.93 
1.83 

1.67 
1.53 
1.42 
1.32 
1.23 
1.15 
1.09 

0.948 
0.843 
0.758 
0.690 
0.633 
0.585 
0.544 
0.508 
0.449 
0.403 

0.321 
0.267 
0.228. 
0.200 

0.177 
0.160 
0.145 
0.133 
0.114 
0.100 

0.0887 
0.0798 
0.0665 
0.0570 
0.0499 
0.0444 
0.0399 

Internal 
energy 
kJ/kg 

-4.679 
-4.451 
-3.271 
-2.023 
-0.7062 

0.6804 

2.134 
3.654 
5.235 
6.876 

10.58 
14.46 
18.47 
22.54 
26.61 
30.47 

34.33 
38.18 
42.00 
45.79 

49.55 
53.28 
56.98 
60.65 
64.29 
67.90 

75.06 
82.13 
89.11 
96.03 

102.9 
109.7 
116.4 

133.1 
149.6 
166.0 
182.2 
198.3 
214.4 
230.4 
246.4 
278.1 
309.8 

388.6 
467.1 
545.4 
623.7 

701.8 
779.9 
858.0 
936.0 

1092.0 
1248.0 

1404.0 
1560.0 
1872.0 
2183.0 
2495.0 
2807.0 
3119.0 

Enthalpy 
kJ/kg 

18.62 
18.92 
20.47 
22.12 
23.87 
25.73 

27.68 
29.73 
31.89 
34.14 
39.21 
44.63 
50.33 
56.23 
62.23 
68.11 

74.07 

80·96 
86.07 
92.08 

98.08 
104.1 
110.0 
116.0 
121.9 
127.8 

139.5 
151.2 
162.7 
174.1 
185.5 
196.7 
207.9 

235.7 
263.1 
290.3 
317.3 
344.1 
370.8 
397.4 
423.9 
476.8 
529.4 

660.4 
791.0 
921.2 

1051.0 

1181.0 
1311.0 
1441.0 
1571.0 
1831.0 
2090.0 

2350.0 
2610.0 
3129.0 
3648.0 
4167.0 
4686.0 
5205.0 

Entropy 
kJ/kg ·K 

3.207 
3.258 
3.509 
3.756 
4.001 
4.244 

4.484 
4.723 
4.960 
5.194 
5.684 
6.162 
6.624 
7.065 
7.482 
7.862 

8.223 
8.566 
8.890 
9.199 

9.492 
9.770 

10.04 
10.29 
10.53 
10.76 

11.20 
11.60 
11.97 
12.32 
12.64 
12.94 
13.23 

13.89 
14.46 
14.98 
15.45 
15.88 
16.28 
16.64 
16.99 
17.61 
18.16 

19.33 
20.28 
21.09 
21.70 

22.40 
22.94 
23.44 
23.89 
24.69 
25.38 

26.00 
26.54 
27.49 
28.29 
28.98 
29.59 
30.14 

GI • I Cp 

kJ/kg ·K 

2.268 
2.283 
2.364 
2.445 
2.521 
2.592 

2.656 
2.714 
2.767 
2.814 
2.901 
2.962 
3.004 
3.034 
3.056 
3.077 

3.095 
3.110 
3.123 
3.U3 

3.142 
3.149 
3.155 
3.160 
3.164 
3.167 

3.171 
3.174 
3.175 
3.176 
3.176 
3.175 
3.174 

3.171 
3.168 
3.165 
3.162 
3.159 
3.156 
3.154 
3.151 
3.148 
3.145 

3.139 
3.135 
3.132 
3.130 

3.129 
3.127 
3.126 
3.126 
3.124 
3.124 

3.123 
3.122 
3.122 
3.121 
3.121 
3.120 
3.120 

2.994 
3.033 
3.232 
3.437 
3.642 
3.846 

4.047 
4.247 
4.442 
4.633 
4.995 
5.311 
5.563 
5.739 
5.841 
5.926 

5.977 
6.003 
6.012 
6.000 

5.998 
5.981 
5.961 
5.937 
5.913 
5.887 

5.836 
5.785 
5.738 
5.694 
5.654 
5.617 
5.584 

5.514 
5.459 
5.416 
5.381 
5.353 
5.331 
5.312 
5.297 
5.273 
5.255 

5.229 
5.215 
5.207 
5.202 

5.199 
5.197 
5.195 
5.194 
5.193 
5.192 

5.192 
5.192 
5.191 
5.191 
5.191 
5.192 
5.192 

Velocity 
of sound 

m/s 

420.7 
419.8 
414.8 
409.3 
403.6 
397.8 

392.1 
386.5 
381.0 
375.8 
364.6 
355.2 
347.8 
342.5 
339.2 
338.2 

338.5 
339.7 
341.6 
344.1 

347.1 
350.4 
354.0 
357.7 
361. 7 
365.7 

374.0 
382.4 
390.9 
399.4 
407.8 
416.1 
424.3 

444.3 
463.5 
481.9 
499.6 
516.7 
533.2 
549.2 
564.7 
594.5 
622.8 

688.3 
748.1 
803.5 
655.2 

904.0 
950.4 
994.5 

1037.0 
1117.0 
1191.0 

1261.0 
1328.0 
1452.0 
1566.0 
1672.0 
1773.0 
1867.0 
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Temper. 
ature 

K 

llOO.O 
1200.0 
1300.0 

1400.0 
1500.0 

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 

8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
1~.O 

15.0 
16.0 

17.0 

18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 

28.0 
30.0 
32.0 

34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 

D~nsity 
kg/rn 3 

1.744 
1.599 
1.477 

1.372 
1.280 

187.9 
186.7 
185.3 
183.6 
181.7 
179.5 
179.0 
178.5 
178.0 
177.6 

177.1 
176.7 
176.2 
175.7 
175.2 
174.7 
172.2 
169.6 
166.9 
164.1 

161.3 
158.3 
155.3 
152.2 
145.8 
139.2 
132.7 
120.2 

120.1 
1]4.2 

10R.n 

103.4 
98.63 
94.16 
90.02 
86.19 
82.65 
79.38 
76.34 
73.52 

68.45 
64.03 
60.16 

56.74 
53.69 
50.97 
4ILi:i? 

43.35 
39.21 
35.82 
32.99 

Isotherm 
derivative 

105 m3 ·Pa/kg 

23.0 
25.1 
27.2 

29.2 
. 31.3 

1.70 
1.76 
1.76 
1.72 
1.66 
1.59 

.1.58 
1.57 
1.56 
1.55 

1.53 
1.52 
1.51 
1.49 
1.48 
1.46 
1.40 
1.33 
1.27 
1.20 

1.14 
1.09 
1.04 
0.988 
0.897 
0.821 
0.761 
0.717 

0.689 
0.673 

0.(,6!> 

0.664. 
0.668 
0.675 
0.685 
0.698 
0.712 
0.728 
0.745 
0.763 

0.800 
0.841 
0.882 

0.925 
0.968 
1.01 
Lon 

1.17 
1.28 
1.39 
1.50 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

0.0363 
0.0333 
0.0307 

0.0285 
0.0266 

4.39 
4.44 
5.43 
6.27 
6.80 
7.06 
7.09 
7.12 
7.14 
7.15 

7.16 
7.17 
7.17 
7.18 
7.17 
7.17 
7.12 
7.04 
6.93 
6.80 

6.65 
6.49 
6.32 
6.14 
5.72 
5.31 
4.91 
4.52 

4.16 
3.85 

::1.:;7 

3.32 
3.10 
2.90 
2.72 
2.57 
2.42 
2.30 
2.18 
2.07 

1.89 
1. 73 
1.60 

1.49 
1.39 
1.30 
Ln 

1.07 
0.952 
0.857 
0.779 

Internal 
energy 
kJ/kg 

3430.0 
3742.0 
4054.0 

4365.0 
4677.0 

Enthalpy 
kJ/kg 

5724.0 
6244.0 
6763.0 

7282.0 
7801.0 

45.0 X 10+5 pascal Isobar 

-9.724 
-:-9.339 
-8.873 
-8.288 
-7.541 
-6.594 
-6.377 
-6.149 
-5.943 
-5.737 

-5.528 
-5.318 
-5.105 
-4.890 
-4.673 
-4.453 
-3.316 
-2.114 

. -0.8467 
0.4867 

1.884 

3.342 
4.858 
6.431 

10.00 
13.75 
17.65 
21.03 

25.64 
29.43 

.'{.'{.24 

37.05 
40.84 
44.62 
48.37 
52.10 
55.81 
59.49 
63.14 
66.77 

73.96 
81.06 
98.09 

95.05 
101.9 
108.8 
115.6 

132.4 
149.0 
165.4 
181. 7 

14.23 
14.76 
15.41 
16.21 
17.23 
18.48 
18.76 
19.06 
19.33 
19.60 

19.88 
20.15 
20.44 
20.72 
21.01 
21.30 
22.81 
24.41 
26.11 
27.90 

29.79 
31. 77 
33.84 
36.00 
40.87 
46.08 
51.57 
57.27 

63.12 
68.84 

74.n7 

80.55 
86.47 
92.41 
98.36 

104.3 
110.3 
116.2 
122.1 
128.0 

139.7 
151.3 
162.1) 

174.4 
185.8 
197.1 
208.3 

236.2 
263.7 
291.0 
318.1 

Entropy 
kJ/kg ·K 

30.64 
31.09 
31.50 

31.89 
32.25· 

l.502 
1.733 
1.951 
2.176 
2.414 
2.667 
2.719 
2.771 
2.822 
2.873 

2.924 
2.974 
3.024 
3.074 
.3.123 
3.173 
3.417 
3.658 
3.895 
4.130 

4.363 
4.593 
4.821 
5.046 
5.517 
5.977 
6.421 
0.848 

7.255 
7.624 

7_CJ77 

8.314 
8.634 
8.939 
9.229 
9.506 
9.770 

10.02 
10.26 
10.49 

10.93 
11.33 
11.70 

12.05 
12.38 
12.68 . 

12.97 

13.63 
14.21 
14.73 
15.20 

e,. I Cp 

kJ/kg ·K 

3.120 
3.120 
3.120 

3.119 
3.119 

l.210 
1.318 
1.450 
1.633 
1.860 
2.105 
2.151 
2.176 
2.162 
2.174 

2.188 
2.202 
2.217 
2.232 
2.248 
2.264 
2.348 
2.431 
2.509 
2.581 

2.646 
2.705 
2.758 
2.806 
2.895 
2.957 
3.001 
3.032 

3.056 
3.077 

.'{.OCJ5 

3.1I0 
3.122 
3.133 
3.142 
3.149 
3.156 
3.161 
3.165 
3.169 

3.174 
3.177 
3.179 

3.180 
3.180 
3.180 
3.179 

3.176 
3.173 
3.170 
3.167 

5.192 
5.192 
5.192 

5.192 
5.192 

1.290 
1.415 
1.621 
1.905 

I 
2.240 
2.590 
2.657 
2.702 
2.709 
2.741 

2.775 
2.809 
2.844 
2.881 
2.917 
2.954 
3.145 
3.338 
3.532 
3.723 

3.911 
4.095 
4.276 
4.453 
4.786 
5.086 
5.339 
5.535 

5.669 
5.781 

5.858 
5.906 
5.935 
5.948 
5.950 
5.945 
5.934 
5.919 
5.902 
5.882 

5.841 
5.797 
5.755 

5.714 
5.676 
5.640 
5.608 

5.537 
5.481 
5.435 
5.399 

Velocity 
of sound 

mls 

1958.0 
2044.0 
2126.0 

2206.0 
2283.0 

425.2 
435.1 
443.2 
447.5 
447.0 
442.9 
442.0 
441.9 
442.0 
441.5 

440.9 
440.2 
439.5 
438.7 
437.9 
437.1 
432.4 
427.3 
422.0 
416.6 

411.3 
406.0 
400.9 
395.9 
385.1 
375.7 
367.9 
301.8 

357.5 
355.6 

354.8 
355.1 
356.2 
357.9 
360.2 
362.9 
365.9 
369.1 
372.6 
376.2 

383.8 
391.6 
399.6 

407.6 
415.7 
423.7 
431.6 

451.0 
469.7 
487.8 
505.2 



Temper-
ature 

K 

65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0· 
250.0 
275.0 

300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

2.5 
3.0 
3.5 
4.0 

4.5 
5.0 
5.1 
5.2 
5.3 
5.4 

5.5 
5.6 
5.7 
5.S 
5.9 
6.U 

6.5 
7.0 
7.5 
6.0 

8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 

Density 
kg/m3 

30.59 
28.52 
26.72 
25.14 
22.49 
20.35 

16.46 
13.83 
11.93 
10.48 
9.355 
8.445 
7.697 

7.070 
6.080 
5.333 

4.750 
4.282 
3.576 
3.070 
2.690 
2.393 
2.155 
1.961 
1.798 
1.661 

1.542 
1.440 

190.8 
189.5 
18S.1 
19.6.5 

184.6 
182.5 
IS2.0 
181.6 
IS1.1 
IS0.7 

IS0.3 
179.8 
179.4 
178.9 
178.5 
nl:S.u 
175.6 
173.2 
170.7 
168.1 

165.4 
162.7 
159.8 
157.0 
151.0 
144.9 
138.8 
132.8 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.61 
1.71 
1.82 
1.93 
2.14 
2.35 

2.88 
3.40 
3.91 
4.43 
4.95 
5.47 
5.98 

6.50 
7.53 
8.57 

9.60 
10.6 
12.7 
14.8 
16.8 
18.9 
21.0 
23.1 
25.1 
27.2 

29.3 
31.3 

1.76 
1.86 
1.87 
U14 
1. 78 
1.72 
1.71 
1.70 
1.69 
1.68 

1.66 
1.65 
1.64 
1.62 
1.61 
1.6U 

1.53 
1.46 
1.40 
1.34 

1.28 
1.22 
1.17 
1.12 
1.02 

0.939 
0.871 
0.819 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 Pa/K 

0.714 
0.660 
0.613 
0.573 
0.506 
0.454 

0.361 
0.300 
0.257 
0.225 
0.200 
0.180 
0.1()3 

0.150 
0.128 
0.112 

0.100 
0.0898 
0.0748 
0.0642 
0.0561 
0.0499 
0.0449 
0.0408 
0.0374 
0.0346 

0.0321 
0.0300 

5.46 
4.90 
5.71 
6.49 

6.99 
7.24 
7.27 
7.30 
7.32 
7.33 

7.34 
7.35 
7.35 
7.36 
7.36 
'(.35 

7.32 
7.25 
7.16 
7.04 

6.91 
6.77 
6.61 
6.44 
6.05 
5.66 
5.27 
4.89 

Internal 
energy 
kJ/kg 

197.9 
214.0 
230.0 
246.0 
277.9 
309.6 

388.5 
467.1 
545.5 
623.7 
701.9 
780.0 
858.1 

936.2 
1092.0 
1248.0 

1404.0 
1560.0 
1872.0 
2184.0 
2496.0 
2807.0 
3119.0 
3431.0 
3742.0 
4054.0 

4366.0 
4()78.0 

Enthalpy 
kJ/kg 

345.0 
371.8 
398.4 
425.0 
478.0 
530.7 

661.8 
792.5 
922.8 

1053.0 
1183.0 
1313.0 
1443.0 

1573.0 
1832.0 
2092.0 

2352.0 
2611.0 
3130.0 
3649.0 
4168.0 
4688.0 
5207.0 
5726.0 
6245.0 
6764.0 

7283.0 
7803.0 

50.0 X 1&-" pascal Isobar 

-9.460 
-9.093 
-8.662 
-9..114 

-7.401 
-6.488 
-6.277 
-6.055 
-5.856 
-5.656 

-5.455 
-5.251 
-5.045 
-4.837 
-4.627 
-4.414 

-3.314 
-2.150 
-0.9244 

0.3646 

1. 714 
3.122 
4.585 
6.102 
9.564 

13.21 
17.00 
20.89 

16.74 
17.29 
17.92 
Ul.70 

19.69 
20.91 
21.19 
21.48 
21. 75 
22.01 

22.28 
22.56 
22.83 
23.11 
23.39 
:l3.()1:S 

25.15 
26.72 
28.37 
30.11 

31.94 
33.86 
35.87 
37.96 
42.68 
47.71 
53.02 
58.55 

Entropy 
kJ/kg ·K 

15.63 
16.03 
16.39 
16.74 
17.36 
17.92 

19.09 
20.04 
20.84 
2l.54 
22.15 
22.70 
23.19 

23.65 
24.45 
25.14 

25.75 
26.30 
27.25 
28.05 
28.74 
29.35 
29.90 
30.39 
30.84 
31.26 

31.64 
32.00 

1.453 
1.690 
1.904 
2.122 

2.354 
2.601 
2.652 
2.703 
2.753 
2.803 

2.852 
2.902 
2.951 
2.999 
3.048 
3.096 

3.335 
3.570 
3.801 
4.030 

4.256 
4.479 
4.700 
4.918 
5.375 
5.819 
6.250 
6.664 

Cv I C" 

kJ/kg ·K 

3.163 
3.161 
3.158 
3.156 
3.151 
3.148 

3.142 
3.137 
3.134 
3.132 
3.130 
3.129 
3.128 

3.127 
3.126 
3.125 

3.124 
3.123 
3.122 
3.122 
3.121 
3.121 
3.121 
3.120 
3.120 
3.120 

3.120 
3.120 

1.280 
1.294 
1.406 
1.592 

1.827 
2.079 
2.126 
2.1112 
2.140 
2.153 

2.167 
2.182 
2.198 
2.214 
2.231 
2.248 

2.335 
2.419 
2.499 
2.571 

2.637 
2.697 
2.751 
2.799 
2.889 
2.953 
2.999 
3.032 

5.369 
5.345 
5.325 
5.308 
5.282 
5.263 

5.233 
5.218 
5.209 
5.203 
5.200 
5.197 
5.195 

5.194 
5.193 
5.192 

5.192 
5.191 
5.191 
5.191 
5.191 
5.191 
5.191 
5.192 
5.192 
5.192 

5.192 
5.192 

1.396 
1.402 
1.579 
1.9.56 

2.188 

2.535 
2.601 
2.646 
2.651 
2.683 

2.715 
2.749 
2.783 
2.818 
2.853 
2.889 

3.072 
3.257 
3.441 
3.()22 

3.800 
3.974 
4.143 
4.309 
4.620 
4.902 
5.150 
5.355 

Velocity 
of sound 

mls 

522.1 
538.4 
554.2 
569.5 
599.0 
627.0 

692.1 
751.5 
806.6 
858.1 
906.7 
952.8 
997.0 

1039.0 
1119.0 
1193.0 

1263.0 
1329.0 
1453.0 
1567.0 
1674.0 
1773.0 
1868.0 
1958.0 
2044.0 
2127.0 

2207.0 
2284.0 

437.8 
448.6 
457.9 
462.6 

462.3 
458.4 
457.6 
457.5 

457.6 
457.1 

456.6 
456.0 
455.3 
454.6 
453.9 
453.1 
448.7 
443.9 
438.9 
433.9 

428.8 
423.9 
419.1 
414.4 
404.0 
394.7 
386.8 
380.2 
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Temper. 
ature 

K 

15.0 
16.0 

17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 

28.0 

30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
'900.0 
1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

3.0 

3.5 
4.0 
4.5 
5.0 

Density 
kg/m3 

126.9 
121.2 

115.8 
110.6 
105.8 
101.2 
97.03 
93.09 
89.43 
86.02 
82.85 
79.88 

74.53 

69.84 
65.70 
62.04 
58.76 
55.83 
53.18 

47.58 
43.08 
39.39 
36.30 
33.67 
31.41 
29.44 
27.71 
24.81 
22.47 

18.19 
15.30 
13.20 
11.61 
10.36 
9.357 
8.530 
'7.837 

6.743 
5.916 

5.270 
4.751 
3.969 
3.409 
2.987 
2.657 
2.394 
2.177 
1.997 
1.844 

1.713 
1.600 

194.7 

193.2 
191.6 
189.8 
187.9 

Isotherm 
derivative 

105 m3 • Pa/kg 

0.781 
0.757 

0.742 
0.735 
0.734 
0.737 
0.743 
0.753 
0.764 
0.778 
0.793 
0.809 

0.044 

0.881 
0.921 
0.962 
1.00 
1.05 
1.09 

1.20 
1.31 
1.42 
1.53 
1.64 
1.75 
1.85 
1.96 
2.17 
2.38 

2.91 
3.43 
3.95 
4.46 
4.98 
5.50 
6.01 
6.53 
7.56 
8.60 

9.63 
10.7 
12.7 
14.8 
16.9 
18.9 
21.0 
23.1 
2!U 

27.2 

29.3 
31.4 

2.02 

2.07 
2.06 
2.02 
1.97 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105Pa/K 

4.53 
4.22 

3.93 
3.67 
3.43 
3.22 
3.03 
2.86 
2.70 
2.56 
2.43 
2.31 

2.11 

1.94 
1.79 
1.66 
1.55 
1.46 
1.37 

1.20 
1.06 
0.955 
0.868 
0.795 
0.734 
0.682 
0.637 
0.563 
0.505 

0.401 
0.334 
0.285 
0.250 
0.222 
0.199 
0.181 
0.166 
0.142 
0.125 

0.111 
0.100 
0.0831 
0.0713 
0.0624 
0.0555 
0.0499 
0.0454 
0.0416 
0.0384 

0.0357 
0.0333 

6.13 

6.42 
6.98 
7.38 
7.58 

Internal 
energy 
kJ/kg 

24.84 
28.57 

32,.32 
36.08 
39.85 
43.60 
47.34 
51.06 
54.76 
58.44 
62.10 
65.74 

72.95 

80.08 
87.14 
94.13 

101.1 
107.9 . 
114.8 

131.6 
148.3 
164.8 
181.2 
197.4 
213.6 
229.7 
245.7 
277.6 
309.4 

388.4 
467.1 
545.5 
623.8 
702.0 
780.2 
858.3 
936.4 

1092.0 
1248.0 

1404.0 
1560.0 
1872.0 
2184.0 
2496.0 
2808.0 
3119.0 
3431.0 
::l74::l.0 
4055.0 

4366.0 
4678.0 

Enthalpy 
kJ/kg 

64.25 
69.83 

75.52 
81.29 
87.12 
92.98 
98.87 

104.8 
llO.7 
116.6 
122.5 
128.3 

140.0 

151.7 
163.2 
174.7 
186.1 
197.5 
208.8 

236.7 
264.4 
291.7 
318.9 
345.9 
372.8 
399.5 
426.1 
479.2 
532.0 

663.3 
794.0 
924.3 

1055.0 
1185.0 
1315.0 
1444.0 
1574.0 
1834.0 
2094.0 

2353.0 
2613.0 
3132.0 
3651.0 
4170.0 
4689.0 
5208.0 
5727.0 
6247.0 
6766.0 

7285.0 
7804.0 

60.0 X 10+-5 pascal Isobar 

-8.584 

-8.209 
-7.722 
-7.067 
-6.208 

22.23 

22.85 
23.59 
24.54 
25.73 

Entropy 
kJ/kg ·K 

7.061 
7.420 

7.765 
8.095 
8.410 
8.7ll 
8.999 
9.273 
9.535 
9.786 

10.03 
10.26 

10.69 

11.09 
11.47 
11.81 
12.14 
12.45 
12.74 

13.39 
13.98 
14.50 
14.97 
15.40 
15.80 
16.17 
16.51 
17.14 
17.70 

18.87 
19.82 
20.62 
21.32 
21.93 
22.48 
22.98 
23.43 
24.23 
24.92 

25.53 
26.08 
27.03 
27.83 
28.52 
29.13 
29.68 
30.17 
::l0.62 
31.04 

31.43 
31.78 

1.602 

1.813 
2.023 
2.246 
2.484 

C r I C" 

kJ/kg ·K 

3.056 
3.078 

3.095 
3.110 
3.123 
3.134 
3.143 
3.150 
3.157 
3.162 
3.166 
3.170 

3.176 

3.180 
3.182 
3.184 
3.184 
3.184 
3.184 

3.181 
3.178 
3.175 
3.171 
3.168 
3.165 
3.162 
3.160 
3.155 
3.152 

3.144 
3.140 
3.136 
3.134 
3.132 
3.130 
3.129 
3.128 
3.127 
3.126 

3.125 
3.124 
3.123 
3.122 
3.122 
3.121 
3.121 
3.121 
3.121 
3.121 

3.120 
3.120 

1.287 

1.343 
1.527 
1.773 
2.036 

5.508 
5.639 

5.736 
5.804 
5.850 
5.879 
5.894 
5.900 
5.899 
5.892 
5.882 
5.869 

5.837 

5.801 
5.764 
5.727 
5.692 
5.658 
5.626 

5.557 
5.500 
5.453 
5.415 
5.384 
5.358 
5.337 
5.318 
5.290 
5.270 

5.238 
5.220 
5.210 
5.204 
5.200 
5.198 
5.196 
5.194 
5.193 
5.192 

5.191 
5.191 
5.191 
5.191 
5.191 
5.191 
5.191 
5.191 
5.191 
5.192 

5.192 
5.192 

1.434 

1.529 
1.785 
2.109 
2.450 

Velocity 
of sound 

m/s 

375.2 
372.5 

370.9 
370.3 
370.7 
371.7 
373.3 
375.4 
377.9 
380.7 
383.7 
386.9 

393.7 

401.0 
408.4 
416.0 
423.7 
431.3 
439.0 

457.8 
476.0 
493.7 
510.9 
527.5 
543.5 
559.1 
574.3 
603.5 
031.3 

695.9 
754.9 
809.6 
860.9 
909.3 
955.3 
999.0 

1041.0 
ll21.0 
1195.0 

1265.0 
1331.0 
1454.0 
1568.0 
1675.0 
1774.0 
1869.0 
1959.0 
2045.0 
2128.0 

2207.0 
2284.0 

474.8 

485.5 
490.6 
490.3 
486.6 



Temper. 
ature 

K 

5.1 
5.2 
5.3 
5.4 
5.5 

5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.6 

8.0 
8.5 

9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 

18.0 
19.0 
20.0 

21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 

;:SU.U 

32.0 
34.0 
36.0 
38.0 

40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 

Density 
kg/rna 

187.4 
187.0 
186.6 
186.2 
185.8 

185.4 
185.0 
184.6 
184.2 
183.8 
181.7 
179.5 
177.2 

174.9 
172.6 

170.1 
167.6 
165.1 
159.8 
154.5 
149.1 
143.7 
138.3 
133.1 
127.9 

123.0 
118.2 
113.7 

109.5 
105.4 
101.6 
98.07 
94.71 
91.55 
85.78 

BU.()o 

76.10 
72.02 
68.36 
65.05 

62.06 

55.68 
50.53 
46.27 
42.70 
39.66 
37.04 
34.75 
32.73 
29.35 
26.61 

21.60 
18.19 
15.71 
13.83 
12.36 
11.17 
10.18 
9.362 
8.060 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.96 
1.95 
1.94 
1.93 
1.91 

1.90 
1.89 
1.88 
1.86 
1.85 
1.78 
1.72 
1.66 

1.59 
1.53 

1.47 ' 
1.42 
1.36 
1.26 
1.17 
1.09 
1.03 
0.975 
0.937 
0.909 

0.890 
0.878 
0.972 

0.870 
0.873 
0.878 
0.SS7 
0.897 
0.909 
0.938 

U.C)"IU 

1.01 
1.04 
1.08 
1.12 

1.16 

1.27 
1.38 
1.49 
1.59 
1.70 
1.81 
1.92 
2.02 
2.24 
2.45 

2.97 
3.49 
4.01 
4.53 
5.04 
5.56 
6.07 
6.59 
7.62 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

7.61 
7.63 
7.65 
7.66 
7.67 

7.67 
7.68 
7.68 
7.68 
7.68 
7.66 
7.61 
7.64 

7.45 
7.35 

7.23 
7.10 
6.96. 
6.61 
6.25 
5.90 
5.54 
5.20 
4.88 
4.59 

4.31 
4.06 
3.92 

3.61 
3.41 
3.23 
3.07 
2.92 
2.79 
2.55 

:.l.M 

2.17 
2.01 
1.88 
1.76 

1.66 

1.45 
1.28 
1.15 
1.05 
0.959 
0.885 
0.822 
0.767 
0.677 
0.607 

0.482 
0.400 
0.342 
0.299 
0.266 
0.239 
0.217 
0.199 
0.171 

Internal 
energr 
kJ/kg 

-6.008 
-5.797 
-5.609 
-5.420 
-5.229 

-5.036 
-4.842 
-4.645 
-'4.446 
-4.244 
-3.203 
-2.101 

0.9414 

0.2770 
1.551 

2.880 
4.260 
5.689 
8.988 

12.47 
16.09 
19.83 
23.66 
27.25 
30.88 

34.55 
38.24 
41.93 

45.62 
49.31 
52.99 
56.65 
60.30 
63.94 
71.16 

11:S.;5:.l 

85.42 
92.46 
99.44 

106.4 

113.3 

130.3 
147.1 
163.7 
180.2 
196.5 
212.8 
228.9 
245.1 
277.1 
309.0 

388.2 
467.0 
545.6 
624.0 
702.2 
780.4 
858.6 
936.7 

1093.0 

Enthalpy 
kJ/kg 

26.00 
26.28 
26.54 
26.79 
27.05 

27.32 
27.58 
27.85 
28.12 
28.40 
29.82 
31.32 
22.91 

34.57 
36.32 

38.15 
40.05 
42.03 
46.53 
51.30 
56.34 
61.59 
67.04 
72.34 
17.79 

83.34 
SS.98 
94.69 

100.4 
106.2 
112.0 
117.8 
123.7 
129.5 
141.1 

1:>:.l," 

164.3 
175.8 
187.2 
198.6 

209.9 

238.0 
265.8 
293.3 
320.7 
347.8 
374.8 
401.6 
428.4 
481.6 
534.5 

666.1 
796.9 
927.4 

1058.0 
1188.0 
1318.0 
1448.0 
1578.0 
1837.0 

Entropy 
kJ/kg ·K 

2.533 
2.582 
2.631 
2.679 
2.727 

2.774 
2.822 
2.869 
2.916 
2.962 
3.192 
3.418 
2.640 

3.859 
4.075 

4.288 
4.498 
4.705 
5.141 
5.563 
5.971 
6.365 
6.744 
7.087 
7.417 

7.734 
8.039 
9.331 

8.612 
8.881 
9.139 
9.386 
9.624 
9.852 

10.28 

lV.bH 

11.06 
11.41 
11.73 
12.04 

12.33 

12.99 
13.58 
14.10 
14.58 
15.01 
15.41 
15.78 
16.13 
16.76 
17.31 

18.49 
19.44 
20.25 
20.94 
21.55 
22.10 
22.60 
23.05 
23.85 

Cl' I C" 

kJ/kg ·K 

2.085 
2.113 
2.103 
2.11B 
2.133 

2.150 
2.167 
2.184 
2.202 
2.220 
2.311 
2.399 
2.490 

2.554 
2.621 

2.682 
2.737 
2.787 
2.879 
,2.945 
2.995 
3.031 
3.057 
3.080 
3.099 

3.114 
3.126 
3;136 

3.145 
3.153 
3.159 

, 3.165 
3.169 
3.174 
3.180 

3.1H!) 

3.188 
3.190 
3.191 
3.192 

3.192 

3.190 
3.187 
3.184 
3.181 
3.177 
3.174 
3.171 
3.168 
3.163 
3.158 

3.150 
3.145 
3.141 
3.137 
3.135 
3.133 
3.132 
3.131 
3.129 

2.515 
2.557 
2.562 
2.592 
2.622 

2.654 
2.686 
2.719 
2.753 
2.787 
2.958 
3.130 
3.300 

3.466 
3.629 

3.787 
3.941 
4.091 
4.369 
4.624 
4.855 
5.058 
5.228 
5.380 
5.504 

5.600 
5.674 
5.729 

5.767 
5.794 
5.811 
5.820 
5.823 
5.822 
5.810 

5.71}U 

5.764 
5.737 
5.708 
5.679 

5.652 

5.587 
5.531 
5.483 
5.444 
5.410 
5.382 
5.358 
5.338 
5.307 
5.283 

5.246 
5.226 
5.214 
5.207 
5.202 
5.199 
5.196 
5.195 
5.193 

Velocity 
of sound 

m/s 

485.8 
485.7 
485.9 
485.5 
485.0 

484.5 
483.9 
483.2 
482.5 
481.8 
477.8 
473.5 
-1.69.0 

464.6 
460.1 

455.7 
451.4 
447.1 
437.6 
428.8 
421.0. 
414.1 
408.3 
404.6 
401.8 

400.0 
399.1 
399.9 

399.4 
400.4 
401.9 
403.8 
406.0 
408.4 
413.9 

411}.Y 

426.4 
433.1 
440.0 
446.9 

454.0 

471.5 
488.8 
505.8 
522.3 
-538.3 
553.9 
569.1 
584.0 
612.5 
639.8 

703.4 
761.7 
815.8 
866.6 
914.6 
960.2 

1004.0 
1046.0 
1125.0 
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Temper· 
ature 

K 

400.0 

450.0 
500.0 
600.0 
700.0 

800.0 
900.0 

1000.0 
1100.0 
1200.0 
]300.0 

1400.0 
1500.0 

3.0 

3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 

5.6 
5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 

9.0 
9,.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 

18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 

30.0 
32.0 
34.0 

Density 
kg/rn3 

7.076 

6.306 
5.687 
4.753 
4.093 

3.579 

3.185 
2.869 
2.610 
2.394 
2.211 

2.054 
1.918 

199.5 
197.8 
196.2 
194.5 
192.6 
192.3 
191.9 
191.5 

. 191.1 

190.8 

190.4 
190.0 
189.6 
189.3 

. 188.9 

187.0 
185.0 
182.'9 
IBO.8 
178.7 

176.4-
174.2 
171.9 
167.1 
162.3 
157.4 
152.5 
147.7 
142.8 
138.0 

133.3 
128.7 
124.3 
120.1 
1I6.1 
112.3 
108.7 
105.2 
101.9 
95.91 

90.49 
85.62 
81.23 

Isotherm 
derivative 

105 m3 ·Pa/kg 

8.65 

9.68 
10.7 
12.8 
14-.9 

16.9 
]9.0 

21.1 
23.1 
25.2 
27.3 

29.3 
31.4 

2.16 
2.25 
2.27 
2.24 
2.20 
2.19 
2.18 
2.17 
2.16 
2.15 

2.14 
2.12 
2.11 
2.10 
2.09 
2.02 
l.96 
l.B9 
l.B3 
1.77 

1. 71 
1.65 
1.60 
1.49 
1.40 
1.31 
1.24 
l.I8 
1.13 
1.09 

1.06 
1.03 
1.02 
1.01 
1.00 
1.00 
1.01 
l.01 
1.02 
1.04 

1.07 
1.]0 

1.13 
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. Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

105 P~/K 

0.150 

0.133 
0.120 
0.100 
0.0955 

0.0748 
0.0665 

,0.0599 
0.0544 
0.0499 
0.0461 

0.0428 
u.u.;s~~ 

7.83 
7.34 
7.58 
7.81 
7.93 
7.95 
7.96 
7.97 
7.97 
7.97 

7.98 
7.98 
7.98 
7.97 
7.97 
7.95 
7.91 
7.85 
7.79 
7.71 

7.61 
7.51 
7.39 
7.07 
6.75 
6.42 
6.09 
5.76 
5.46 
5.17 

4.89 
4.63 
4.38 
4.15 
3.94 
3.74 
3.56 
3.40 
3.24 
2.97 

2.74 
2.53 
2.36 

Internal 
energy 
kJ/kg 

1249.0 

1405.0 
1561.0 
1873.0 
21S5.0 

2497.0 

2808.0 

3120.0 
3432.0 
3744.0 
4055.0 

4367.0 
4()7~.U 

Enthalpy 
kJ/kg 

2097.0 

2356.0 
2616.0 
3135.0 
3654.0 

4173.0 , 

4692.0 
5211.0 
5730.0 
6249.0 
6769.0 

7200.0 
7807.0 

70.0 X 10+5 pascal Isobar 

-8.065 
-7.729 
-7.290 
-6.681 
-5.863 
-5.672 
-5.468 
-5.289 
-5.108 
-4.926 

-4.742 
-4.556 
-4:368 
-4.177 
-3.985 
-2.988 
-1.935 
-0.8258 

0.3382 
1.555 

2.822 
4.138 
5.500 
8.678 

12.03 
15.53 
19.15 
22.87 
26.33 
29.86 

33.43 
37.03 
40.65 
44.28 
47.92 
51.56 
55.20 
58.83 
62.45 
69.66 

76.82 
83.94 
91.00 

27.02 
27.65 
28.38 
29.31 
30.47 
30.74 
31.01 
31.26 
31.51 
31.77 

32.02 
32.28 
32.54 
32.Bl 
33.07 
34.45 
35.91 
37.44 
39.05 
40.74 

42.49 
44.32 
46.22 
50.56 
55.16 
59.99 
65.04 
70.28 
75.36 
80.59 

85.95 
91.40 
96.94 

102.5 
108.2 
113.9 
119.6 
125.4 
131.1 
142.6 

154.2 
165.7 
177.2 

Entropy C" I C" 

kJ/kg·K kJ/kg ·K 

24.54 

25.16 
25.70 
26.65 
27.45 

28.14 
28.75 
29.30 
29.80 
30.25 
30.66 

31.05 
31.41 

3.128 

3.127 
3.126 
3.125 
3.124 

3.123 
3.123 
3.122 
3.122 
3.122 
3.121 

3.121 
3.121 

1.506 1.340 
1. 725 1.312 
1.931 1.484 
2.149 1. 734 
2.381 2.005 
2.429 2.056 
2.477 2.085 
2.525 2.075 
2.572 2.091 
2.618 2.108 

2.664 2.126 
2.711 2.144 
2.756 2.162 
2.802 2.181 
2.847 2.199 
3.071 2.293 
3.290 2.382 
3.505 2.464 
3.717 2.539 
3.925 2.607 

4.130 2.669 
4.332 2.725 
4.531 2.775 
4.951 2.868 
5.358 2.938 
5.750 2.990 
6.129 3.030 
6.494 3.058 
6.822 3.083 
7.139 3.102 

7.445 3.118 
7.740 3.130 
8.025 3.140 
8.298 3.149 
8.561 3.156 
8.814 3.163 
9.058 3.168 
9.292 3.173 
9.518 3.177 
9.945 3.184 

10.34 3.189 
10.71 3.193 
11.06 3.195 

5.192 

5.191 
5.191 
5.191 
5.191 

5.191 
5.191 
5.191 
5.191 
5.191 
5.191 

5.191 
5.Wl 

1.554 
1.526 
1.748 
2.059 
2.391 
2.454 
2.495 
2.498 
2.526 
2.556 

2.586 
2.616 
2.647 
2.679 
2.711 
2.873 
3.035 
3.194 
3.349 
3.501 

3.648 
3.792 
3.932 
4.186 
4.421 
4.636 
4.831 
5.002 
5.161 
5.297 

5.409 
5.502 
5.575 
5.633 
5.677 
5.710 
5.733 
5.750 
5.760 
5.767 

5.762 
5.749 

5.731 

Velocity 
of sound 

mls 

1198.0 

1268.0 
1334.0 
1457.0 
1571.0 

1677.0 
1776.0 
1871.0 
1961.0 
2047.0 
2129.0 

2208.0 
:c::asO.U 

500.7 
511.8 
516.5 
515.7 
511.8 
511.0 
51l.0 
511.2 
510.8 
510.3 

509.8 
509.2 
508.6 
508.0 
507.3 
503.6 
499.6 
495.6 
491.5 
487.5' 

483.5 
479.7 
475.8 
467.0 
458.9 
451.4 
444.5 
438.6 
434.3 
430.9 

428.2 
426.4 
425.3 
424.9 
425.0 
425.6 
426.7 
428.1 
429.8 
434.0 

439.0 
444.5 
450.3 



Temper· 
ature 

K 

36.0 
38.0 . 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 

1300.0 

3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 

5.6 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 

9.5 

Density 
kg/m:l 

77.26 
73.66 
70.37 

63.34 
57.61 
52.85 
48.85 
45.42 
42.46 
39.88 
3i60 
33.75 
30.64 

24.92 
21.02 
18.19 
16.03 
14.33 
12.96 
11.82 
10.87 
9.367 
8.228 

7.335 
6.618 

. 5.534 
4.756 
4.169 
3.711 
3.344 
3.042 
2.791 

2.578 

202.1 
200.4 
198.7 
197.0 
196.6 
196.2 
195.9 
195.5 
195.2 

194.9 

194.5 
194.1 
193.8 
193.4 
191.6 
189.8 
187.9 
186.0 
184.0 
181.9 

179.9 

Isotherm 
derivative 

10sm3 ·Pa/kg 

1.17 
1.20 
1.24 

1.34 
1.45 
1.56 
1.66 
1.77 
1.88 
1.98 
2.09 
2.30 
2.51 

3.04 
3.56 
4.07 
4.59 
5.10 
5.62 
6.13 
6.65 
7.68 
8.71 

9.74 
10.8 
12.8 
14.9 
17.0 
19.0 
21.1 
23.2 
25.2 

27.3 

29.4 
:11.4. 

2.42 
2.46 
2.45 
2.41 
2.41 
2.40 
2.39 
2.38 
2.37 

2.36 

2.35 
2.34 
2.33 
2.31 
2.25 
2.19 
2.13 
2.06 
2.00 
1.94 

1.8B 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lO~Pa/K 

2.20 
2.07 
1.95 

1.70 
1.51 
1.35 
1.23 
1.12 
1.04 
0.962 
0.897 
0.792 
0.709 

0.563 
0.467 
0.399 
0.349 
0.310 
0.279 
0.254 
0.232 
0.199 
0.174 

0.155 
0.140 
0.116 
0.100 
0.0873 
0.0776 
0.0698 
0.0635 
0.0582 

0.0537 

8.50 
8.29 
8.30 
8.30 
8.30 
8.30 
8.29 
8.29 
8.28 

8.27 

8.26 
8.26 
8.25 
8.24 
8.21 
8.17 
8.13 
8.08 
8.01 
7.94 

7.86 

Internal 
energy 
kJ/kg 

98.01 
105.0 
111.9 

129.0 
145.9 
162.6 
179.2 
195.7 
212.0 
228.3 
244.4 
276.6 
308.6 

388.1 
467.0 
545.6 
624.1 
702.5 
780.7 
858.9 
937.0 

1093.0 
1249.0 

1405.0 
1561.0 
1873.0 
2185.0 
2497.0 
2809.0 
3121.0 
3433.0 
3744.0 

4056.0 

Enthalpy 
kJ/kg 

188.6 
200.0 
211.4 

239.5 
267.4 
295.1 
322.5 
349.8 
376.8 
403.8 
430.6 
484.0 
537.1 

668.9 
799.9 
930.5 

1061.0 
1191.0 
1321.0 
1451.0 
1581.0 
1841.0 
2100.0 

2360.0 
2619.0 
3138.0 
3657.0 
4176.0 
4695.0 
5214.0 
5733.0 
0252.0 

6772.0 

80.0 X 10'"5 pascal Isobar 

-7.237 
-6.833 
-6.258 
-5.473 
-5.287 
-5.090 
-4.917 
-4.744 
-4.568 

-4.391 

-4.211 
-4.030 
-3.846 
-3.660 
-2.699 
-1.684 
-0.6162 

0.5040 
1.674 
2.892 

4.156 

32.34 
33.08 
34.00 
35.14 
35.40 
35.67 
35.92 
36.17 
36.41 

36.67 

36.92 
37.18 
37.43 
37.70 
39.05 
40.47 
41.96 
43.52 
45.16 
46.86 

48.63 

Entropy C,. I C" 

kJ/kg ·K kJ/kg ·K 

11.39 3.197 
11.70 3.198 
11.99 3.199 

12.65 3.198 
13.24 3.1% 
13.77 3.193 
14.24 3.189 
14.68 3.186 
15.08 3.182 
15.45 3.179 
15.80 3.176 
16.43 3.170 
16.99 3.165 

18.17 . 3.156 
19.12 3.149 
19.93 3.145 
20.62 3.141 
21.24 3.139 
21. 78 3.136. 
22.28 3.135 
22.73 3.133 
23.53 3.131 
24.23 3.130 

24.84 3.128 
25.38 3.127 
26.33 3.126 
27.13 3.125 
27.82 3.124 
28.43 3.124 
28.98 3.123 
29.48 3.123 
29.93 3.123 

30.34 3.122 

30.73 3.122 
:11.09 .!U22 

1.636 
1.844 
2.060 
2.289 
2.336 
2.383 
2.430 
2.476 
2.521 

2.567 

2.612 
2.657 
2.702 
2.746 
2.965 
3.179 
3.388 
3.594 
3.7% 
3.995 

4.191 

1.317 
1.464 
1.712 
1.985 
2.036 
2.066 
2.057 
2.074 
2.091 

2.109 

2.127 
2.146 
2.165 
2.184 
2.278 
2.368 
2.450 
2.525 
2.593 
2.655 

2.712 

5.710 
5.687 
5.664 

5.606 
5.554 
5.507 
5.467 
5.433 
5.403 
5.378 
5.356 
5.322 
5.296 

5.254 
5.231 
5.217 
5.209 
5.203 
5.199 
5.197 
5.195 
5.193 
5.192 

5.191 
5.190 
5.190 
5.190 
5.190 
5.190 
5.191 
5.191 
5.191 

5.191 

5.191 
:;.lQl 

1.573 
1. 742 
2.033 
2.353 
2.414 
2.454 
2.455 
2.481 
2.508 

2.537 

2.566 
2.595 
2.625 
2.655 
2.808 
2.960 
3.110 
3.256 
3.399 
3.539 

3.675 

Velocity 
of sound 

m/s 

456.4 
462.7 
469.2 

485.4 
501.8 
517.9 
533.7 
549.2 
564.4 . 
579.2 
593.6 
621.5 
648.3 

710.8 
768.4 
821.9 
872.2 
919.8 
965.1 

1008.0 
1050.0 
1128.0 
1202.0 

1271.0 
1337.0 
1460.0 
1573.0 
1679.0 
1778.0 
1872.0 
1962.0 
2048.0 

2130.0 

5.37.2 
540.7 
539.1 
534.8 
534.0 
533.9 
534.1 
533.7 
533.2 

532.7 

532.2 
531.6 
531.0 
530.3 
526.8 
523.1 
519.4 
515.7 
512.0 
508.4 

504.9 
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Temper. 
ature 

K 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 

19.0 
20.0 . 

21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 
30.0 

'>2.U 

34.0 

36.0 
38.0 
4U.U 

45.0 
50.0 
:;:;.0 

60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

Density 
kg/rn 3 

177.8 
173.4 
169.0 
164.5 
160.0 
155.5 
151.0 
146.5 
142.0 

137.7 
133.5 
129.4 
125.4 
121.7 
118.0 
114.5 
111.2 
105.1 
99.44 

Y4.35 

89.73 
85.52 
81.68 
78.16 

70.57 
64.34 
59.14 

54.74 
50.97 
47.70 
44.84 
42.31 
38.04 
34.57 

28.18 
23.81 
20.62 
18.19 
16.28 
14.73 
13.45 
12.37 
10.66 
9.372 

8.359 
7.544 
6.312 
5.426 
4.758 
4.236 
3.817 
3.474 
3.187 
2.944 

2.735 
2.554 

Isotherm 
derivative 

105 m3 • Pa/kg 

1.83 
1.72 
1.62 

1.53 
1.45 
1.38 
1.32 

1.27 
1.23 

1.20 
1.18 
1.16 
1.15 
1.14 
1.13 
1.13 
1.14 
1.15 
1.17 

1.20 

1.22 

1.26 
1.29 
1.33 

1.42 
1.52 
1.63 

1.73 
1.84 
1.94 
2.05 
2.16 
2.37 
2.58 

3.10 
3.62 
4.14 
4.65 
5.17 
5.68 
6.19 
6.71 
7.74 
8.77 

9.80 
10.8 
12.9 
14.9 
17.0 
19.1 
21.1 
23.2 
25.3 
27.3 

29.4 
31.5 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
105 Pa/K 

7.76 
7.47 
7.18 
6.88 
6.57 
6.26 
5.97 
5.69 
5.41 

5.14 
4.89 
4.65 
4.43 
4.22 
4.03 
3.85 
3.68 
3:38 
3.12 

2.90 

2.70 
2.53 
2.37 
2.23 

1.95 
1.73 
1.55 

1.41 
1.29 

1.19 
1.10 
1.03 
0.906 
0.811 

0.643 
0.534 
0.456 
0.399 
0.354 
0.319 
0.290 
0.265 
0.228 
0.199 

0.177 
0.159 
0.133 
0.114 
0.100 
0.0886 
0.0798 
0.0725 
0.0665 
0.0614 

0.0570 
0.0532 

Internal 
energy 
kJ/kg 

5.465 
8.547 

11.80 
15.20 
18.72 
22.35 
25.70 
29.13 
32.60 

36.12 
39.67 
43.24 
46.83 
50.42 
54.02 
57.62 
61.22 
68.39 
75.54 

82.65 

89.72 
96.74 

103.7 
11U.7 

127.9 
144.9 
161.7 

178.3 
194.9 
211.3 
227.6 
243.9 
276.2 
308.3 

387.9 
467.0 
545.7 
624.3 
702.7 
781.0 
859.2 
937.4 

1094.0 
1250.0 

1406.0 
1562.0 
1874.0 
2186.0 
2498.0 
2810.0 
3122.0 
3433.0 
3745.0 
4057.0 

4369.0 
4681.0 

Enthalpy 
kJ/kg 

50.47 
54.69 
59.15 
63.83 
68.72 
73.80 
78.70 
83.75 
88.93 

94.22 
99.6 

105.1 
110.6 
116.2 
121.8 
127.5 
133.1 
144.5 
156.0 

167.4 
178.9 

190.3 
201.7 
213.U 

241.2 
269.2 
2%.9 

324.5 
351.8 
379.0 
406.0 
433.0 
486.5 
539.7 

671.7 
802.9 
933.6 

1064.0 
1194.0 
1324.0 
1454.0 
1584.0 
1844.0 
2103.0 

2363.0 
2622.0 
3141.0 
3660.0 
4179.0 
4698.0 
5217.0 
5736.0 
6255.0 
6774.0 

7294.0 
7813.0 

Entropy 
kJ/kg·K 

4.384-
4.793 
5.187 
5.568 
5.935 
6.289 
6.605 
6.912 
7.208 

7.494 
7.770 

.8.037 
8.294 
8.542 
8.781 
9.012 
9.235 
9.658 

10.05 

10.42 
10.77 

11.09 
11.40 
U.69 

12.36 
12.95 
13.48 

13.96 
14.39 
14.80 
15.17 
15.52 
16.15 
16.71 

17.89 
18.84 
19.65 
20.35 
20.96 
21.51 
22.00 
22.45 
23.26 

·23.95 

24.56 
25.11 
26.05 
26.85 
27.55 
28.16 
28.70 
29.20 
29.65 
30.07 

30.45 
30.81 

Cr I C" 

kJ/kg·K 

2.763 
2.857 
2.929 
2.985 
3.027 
3.057 
3.084 
3.105 
3.121 

3.134 
3.145 
3.154 
3.161 
3.167 
3.172 
3.177 
3.181 
3.188 
3.193 

3.197 
3.201 
3.203 
3.204 
3.2U5 

3.205 
3.203 
3.201 

3.197 
3.194 
3.190 
3.187 
3.184 
3.178 
3.172 

3.162 
3.154 
3.149 
3.145 
3.142 
3.139 
3.137 
3.136 
3.133 
3.132 

3.130 
3.129 
3.127 
3.126 
3.126 
3.125 
3.124 
3.124 
3.124 
3.123 

3.123 
3.123 

3.807 
4.045 
4.265 
4.468 
4.653 
4.819 
4.979 
5.119 
5.240 

5.343 
5.429 
5.500 
5.558 
5.604 
5.640 
5.668 
5.689 
5.715 
5.724 

5.723 

5.714 
5.701 
5.685 
5.6(>"1 

5.618 
5.570 
5.526 

5.486 
5.452 
5.421 
5.395 
5.372 
5.336 
5.307 

5.262 
5.236 
5.221 
5.211 
5.205 
5.200 
5.197 
5.195 
5.193 
5.191 

5.191 
5.190 
5.190 
5.190 
5.190 
5.190 
5.190 
5.190 
5.190 
5.191 

5.191 
5.191 

Velocity 
of sound 

mls 

501.5 
493.4 
485.9 
.478.7 
472.1 
466.2 
461.7 
457.9 
454~8 

452.4 
450.6 
449.4 
448.8 
448.8 
449.1 
449.9 
451.0 
454.0 
458.0 

462.5 

467.6 
473.0 
478.6 
4B4.4 

499.5 
514.8 
530.1 

545.3 
560.2 
574.8 
589.2 
603.3 
630.6 
656.8 

718.3 
775.0 
_828.0 
877.8 
925.0 
969.9 

1013.0 
1054.0 
1132.0 
1205.0 

1274.0 
1340.0 
1462.0 
1575.0 
1681.0 
1780.0 
1874.0 
1964.0 
2049.0 
2132.0 

2211.0 
2287.0 



Temper· 
ature 

K 

3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 

9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
Ib.O 

17.0 
18.0 

19.0 

20.0 
2l.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 

30.0 

32.0 
34.0 
36.0 

38.0 
40.0 

45.U 

50.0 
55.0 
60.0 
65.0 

70.0 
75.0 
80.0 
90.0 

100.0 

Density 
kg/m 3 

206.2 
204.4 
202.7 
200.9 
200.6 
200.2 
199.9 
199.6 
199.2 
198.9 

198.6 
198.2 
197.9 
197.6 
195.9 
194.1 
192.4 
190.6 
188.7 
186.8 

184.9 
182.9 
178.9 
174.8 
170.6 
166.4 
162.3 
158.0 
153.8 
149.6 

145.5 

141.4-
137.5 
133.6 
129.9 

126.3 
122.9 
119.6 
113.3 

107.6 

102.4 
97.58 
93.19 
89.16 
85.45 

77.40 

70.73 
65.14 
60.39 
:>tI.3U 
52.75 
49.63 
46.87 
42.20 

38.40 

Isotherm 
derivative 

105 m3 ·Pa/kg 

2.56 
2.63 
2.64 
2.62 
2.61 
2.61 
2.60 
2.59 
2.58 
2.57 

2.56 
2.55 
2.54 
2.53 
2.47 
2.41 
2.35 
2.28 
2.22 
2.16 

2.10 
2.05 
1.94 
1.84 
1.74 

1.66 
1.58 
1.52 
1.46 
1.41 

1.37 

1.34 
1.31 
1.30 
1.28 

1.27 

1.27 
1.26 
1.27 

1.28 

1.30 
1.32 
l.35 
1.38 
1.42 

1.5] 

1.60 
1.70 
1.81 
1.Yl 
2.02 
2.12 
2.23 
2.44-

2.65 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lOsPa/K 

9.92 
9.13 
8.86 
8.70 
8.67 
8.66 
8.63 
8.61 
8.59 
8.57 

8.55 
8.53 
8.52 
8.50 
8.45 
8.40 
8.37 
8.33 
8.28 
8.23 

8.16 
8.08 
7.82 
7.56 
7.27 
6.98 
6.69 
6.42 
6.15 
5.88 

5.62 

5.36 
5.12 
4.89 
4.68 

4.47 
4.28 
4.11 
3.7S 

3.50 

3.25 
3.04 
2.84 
2.67 
2.52 

2.20 

1.95 
1.75 
1.59 
1.4:> 
1.34 
1.24 
1.16 
1.02 

0.913 

Internal 
Enthalpy 

energy 
kJ/kg 

kJ/kg 

90.0 X 10"5 pascal Isobar 

-6.740 
-6.359 
-5.809 
-5.048 
-4.867 
-4.675 
-4.507 
-4.339 
-4.168 
-3.996 

-3.822 
-3.646 
-3.468 
-3.288 
-2.355 
-1.371 
-0.3367 

0.7472 
1.878 
3.055 

4.276 
5.540 
8.544 

11. 71 
15.03 
18.47 
22.02 
25.28 
28.62 
32.01 

38.93 
42.43 
45.96 
49.51 

53.07 
56.63 
60.19 
67.33 

74.44 

81.53 
88.60 
95.63 

102.6 
109.6 

126.8 
143.9 
160.8 
177.5 
lY4.1 
210.6 
227.0 
243.3 
275.7 

307.9 

36.91 
37.68 
38.60 
39.74 
40.00 
40.27 
40.51 
40.76 
41.00 
41.25 

41.50 
41.75 
42.01 
42.27 
43.59 
44.99 
46.45 
47.97 

49·57 
51.22 

52.95 
54.73 
58.86 
63.21 
67.78 
72.54 

. 77.49 
82.23 
87.13 
92.16 

97.31 

102.6 

107.9 

113.3 
110.0 

124.3 
129.9 
135.5 
H6.7 

158.1 

169.4 . 

180.8 
192.2 
203.6 
214.9 

243.1 
271.1 
298.9 
326.5 
353.9 
381.2 
408.3 
435.3 
439.0 

542.3 

Entropy 
kJ/kg 'K, 

1.543 
1.759 
1.976 
2.204 
2.250 
2.297 
2.343 
2.389 
2.434 
2.479 

2.523 
2.567 
2.611 
2.655 
2.870 
3.080 
3.285 
3.487 
3.684 
3.878 

4.068 
4.256 
4.656 
5.041 
5.413 
5.771 
6.116 
6.422 
6.719 
7.007 

7.285 

7.554 

7.814 
8.066 
0.309 

8.544 
8.771 
8.991 
9.109 

9.800 

10.17 
10.51 
10.84 
11.14 
11.43 

12.10 
12.69 
13.22 
13.70 
14.14 
14.54 
14.92 
15.27 
15.90 

16.46 

C
" I Cp 

kJ/kg ;K 

1.358 
1.466 
1.704 
1.976 
2.027 
2.057 
2.048 
2.064 
2.082 
2.100 

2.118 
2.137 
2.155 
2.174 
2.268 
2.356 
2.437 
2.512 
2.580 
2.642 

2.699 
2.751 
2.845 
2.920 
2.978 
3.023 
3.055 
3.084 
3.107 
3.124 

3.138 

3.149 
3.158 
3.165 
3.171 

3.1.77 
3.181 
3.185 
3.192 

3.198 

3.202 
3.205 
3.208 
3.210 
3.211 

3.212 
3.211 
3.208 
3.205 
3.202 
3.198 
3.195 
3.191 
is. Hi!:> 

3.179 

1.674 
1.769 
2.030 
2.334 
2.392 
2.429 
2.428 
2.452 
2.477 
2.503 

2.530 
2.558 
2.586 
2.614 
2.757 
2.901 
3.042 
3.181 
3.316 
3.449 

3.579 
3.706 
3.932 
4.140 
4.333 
4.509 
4.669 
4.827 
4.968 
5.092 

5.200 

5.294 . 

5.375 
5.442 
r,.499 

5.545 
5.583 
5.613 
5.656 

5.679 

5.690 
5.691 
5.685 
5.675 
5.663 

5.623 
5.581 
5.539 
5.501 
5.467 
5.437 
5.410 
5.387 
5.348 

5.318 

Velocity 
of sound 

m/s 

562.2 
563.8 
560.9 
556.0 
555.2 
555.0 
555.2 
554.8 
554.3 
553.8 

553.2 
552.7 
552.1 
551.4 
548.0 
544.5 
541.1 
537.6 
534-.3 
531.1 

527.9 
524.8 
517.4 

510.4 
503.7 
497.4 
491.6 
487.1 
483.1 
479.7 

4715.9 

474.7 
473.0 
471.8 
471.2 

471.0 
471.2 

471.7 
473.7 

476.7 

480.4 

484.7 
489.4 
494.4 
499.7 

513.5 
527.8 
542.4 
556.8 
571.2 

585.3 
599.3 
612.9 
639.6 
665.2 
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Temper· 
ature 

K 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 

,700.0 

800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 

1500.0 

3.5 
4.0 
4.5 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 

5.7 
5.8 
5.9 
6.0 
6.5 
7.0 
7.5 
8.0 
8.S 
9.0 

9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18:0 

19.0 
20.0 
21.0 

,22.0 

Density 
kg/rna 

31.38 
26.55 
23.02 
20.33 
18.20 
16.48 
15.05 
13.85 
11.95 
10.51 

9.377 
8.465 
7.086 
6.093 
5.344 
4.759 
4.290 
3.904 
3.582 
3.309 

3.075 

2.872 

210.0 
208.0 
206.3 
204.6 
204.3 
203.9 
203.6 
203.3 
203.0 
202.6 

202.3 
202.0 
201.7 
201.4 
199.8 
198.1 
196.5 
194.8 
193.0 
191.3 

189.5 
187.6 
183.8 
179.9 
176.0 
172.1 
168.2 

164.2 
160.2 
156.3 

152.3 
148.5 
144.7 
140.9 

Isotherm 
derivative 

105 m3 ·Pa/kg 

3.17 
3.68 
4.20 
4.71 
5.23 
5.74 
6.25 
6.77 
7.80 

'8.82 

9.85 
10.9 
12.9 
15.0 
17.1 
19.1 
21.2 
23.3 
25.3 
27.4 

29.5 

31.5 

2.70 
2.80 
2.83 
2.81 
2.81 
2.81 
2.80 
2.79 
2.78 
2.78 

2.77 
2.76 
2.75 
2.74 
2.68 
2.62 
2.56 
2.50 
2.43 
2.37 

2.31 
2.26 
2.15 
2.05 
1.95 
1.86 
1.78 

1. 71 
1.65 
1.59 

1.55 
1.51 
1.48 
1.45 
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Thermodynamic properties of helium 4-Continued 

lsochore 
derivative 
105Pa/K 

0.724 
0.600 
0.513 
0.448 
0.398 
,0.358 
0.326 
0.298 
0.256 
0.224 

0.199 
0.179 
0.149 
0.128 
0.112 
0.100 
0.0897 
0.0816 
0.0748 
0.0690 

0.0641 

0.0598 

11.6 
10.1 
9.47 
9.12 
9.07 
9.03 
8.99 
8.94 
8.91 
8.87 

8.84 
8.81 
8.79 
8.76 
8.68 
8.62 
8.58 
8.55 
8.52' 
8.48 

8.43 
8.37 
8.14 
7.89 
7.63 
7.36 ' 
7.08 

6.83 
6.57 
6.30 

6.05 
5.80 
5.55 
5.32 

Internal 
energy 
kJ/kg 

387.7 
467.0 
545.8 
624.4 
702.9 
781.3 
859.5 
937.8 

1094.0 
1250.0 

1406.0 
1562.0 
1875.0 
2187.0 
2498.0 
2810.0 
3122.0 
3434.0 
3746.0 
4058.0 

4370.0 

4682.0 

Enthalpy 
kJ/kg 

674.6 
805.9 
936.7 

1067.0 
1197.0 
1327.0 
1457.0 
1587.0 
1847.0 
2107.0 

2366.0 
2626.0 
3145.0 
3664.0 
4182.0 
4701.0 
5220.0 
5739.0 
6258.0 
6777.0 

72%.0 

7815.0 

100.0 X 10+5 pascal Isobar 

-6.248 
-5.876 
-5.342 
-4.599 
-4.421 
-4.233 
-4.069 
-3.904 
-3.738 
-3.569 

-3.399 
-3.227 
-3.053 
-2.878 
-l.968 
-1.009 
-0.003391 

1.050 
2.148 
3.290 

4.473 
5.698 
8.636 

11.74 
14.98 
18.35 
21.83 

25.02 
28.27 
31.59 

34.96 
38.37 
41.82 
45.29 ' 

41.37 
42.19 
43.13 
44.27 
44.53 
44.80 
45.04 
45.29 
45.53 
45.78 

46.02 
46.27 
46.53 
46.78 
48.09 
49.46 
50.90 
52.39 
53.95 
55.57 

57.26 
59.00 
63.05 
67.31 
71.78 
76.45 
81.28 

85.91 
90.68 
95.58 

100.6 
105.7 
1I0.9 
116.2 

Entropy 
kJ/kg ·K 

17.64 
18:60 
19.40 
20.10 
20.72 
21.26 
21.76 
22.21 
23.01 
23.71 

24.32 
24.86 
25.81 
26.61 
27.30 
27.91 
28.46 
28.95 
29.41 
29.82 

30.21 

30.56 

1.445 
1.675 
1.896 
2.124 
2.170 
2.217 
2.263 
2.308 
2.353 
2.398 

2.442 
2.486 
2.529 
2.572 
2.785 
2.991 
3.193 
3.390 
3.584 
3.773 

3.960 
4.143 
4.536 
4.913 
5.277 
5.628 
5.966 

6.264 
6.553 
6.833 

7.105 
7.367 
7.622 
7.868 

Cf) I C" 

kl/kg ·K 

3.168 
3.159 
3.153 
3.149 
3.145 
3.143 
3.140 
3.138 
3.136 
3.134 

3.132 
3.131 
3.129 
3.128 
3.127. 
3.126 
3.125 
3.125 
3.125 
3.124 

3.124-

3.124 

1~438 
1.491 
1.712 
1.977 
2.027 
2.056 
2.047 
2.063 
2.030 
2.097 

2.115 
2.133 
2.151 
2.170 
2.261 
2.347 
2.427 
2.500 
2.567 
2.628 

2.686 
2.738 
2.833 
2:909 
2.971 
3.018 
3.052 

3.084 
3.108 
3.127 

3.141 
3.153 
3.162 
3.169 

5.269 
5.241 
5.224 
5.213 
5.206 
5.201 
5.198 
5.196 
5.193 
5.191 

5.190 
5.190 
5.189 
5.189 
5.189 
5.190 
5.190 
5.190 
5.190 
5.190 

5.190 

5.191 

1.835 
1.827 
2.048 
2.330 
2.386 
2.420 
2.416 
2.437 
2.460 
2.484 

2.508 
2.533 
2.559 
2.585 
2.718 
2.853 
2.986 
3.IlS, 

3.247 
3.374 

3.498 
3.620 
3.837 
4.037 
4.222 
4.391 
4.545 

4.700 
4.839 
4.964 

5.075 
5.173 
5.259 
5.333 

Velocity 
of sound 

m/s 

725.7 
781.7 
834.0 
883.4 
930.1 
974.7 

1017.0 
1058.0 
1136.0 
1209.0 

1278.0 
1343.0 
1465.0 
1577.0 
1683.0 
1782.0 
1876.0 
1965.0 
2051.0 
2133.0 

2212.0 

2288.0 

586.6 
585.S 
581.4 
575.8 
574.9 
574.7 
574.8 
574.4 
573.9 
573.3 

572.8 
572.2 
571.6 
570.9 ' 

567.7 
564.3 
561.0 
557.9 
554.9 
551.9 

549.1 
546.2 
531,1.4 

532.9 
526.6 
520.7 
515.1 

510.7 
506.7 
503.1 

500.1 
497.5 
495.5 
493.9 



Temper-
ature 

K 

23.0 
24.0 
25.0 
26.0 
28.0 
30.0 

32.0 
34.0 

.36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
"900.0 

1000.0 
1100.0 
1200.0 

1300.0 

1400.0 
1500.0 

4.5 
5.0 
5.1 
5.2 
5.S 

5.4 
5.5 
5.6 
5.7 

5.8 

5.9 
6.0 
6.5 

Density 
kg/m 3 

137.3 
133.8 
130.4 
127.1 
120.9 
115.1 

109.8 
104.9 
100.3 

96.16 
92.30 

83.85 
76.82 
70.88 
65.81 
61.44 
57.62 
54.27 
51.29 
46.25 
42.13 

34.50 
29.24 
25.39 
22.44 
20.10 
18.21 
16.64 
15.33 
13.23 
1l.64 

10.39 
9.382 
7.858 
6.759 
5.930 

5.282 
4.761 
4.334 
3.977 

3.674 

3.414 
3.189 

221.8 
220.0 
219.7 
219.3 
219.0 

218.7 
218.4 
218.2 
217.9 

217.6 

217.3 
217.0 
215.7 

Isotherm 
derivative 

lOSm3 • Pa/kg 

1.43 
1.41 
1.40 
1.39 
1.39 
1.39 

1.41 
1.43 
1.45 
1.48 
1.51 

1.59 
1.69 
1.78 
1.88 
1.99 
2.09 
2.19 
2.30 
2.51 
2~ 71 

3.23 
3.75 
4.26 
4.78 
5.29 
5.80 
6.32 
6.83 
7.85 
8.88 

9.91 
10.9 
13.0 
15.1 
17.1 

19.2 
21.2 
23.3 
!25A 

27.4 

29.5 
31.6 

3.63 
3.68 
3.68 
3.69 
3.69 

3.69 
3.69 
3.69 
3.69 

3.68 

3.68 
3.67 
3.63 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
10'Pa/K 

5.10 
4.89 
4.70 
4.51 
4.17 
3.87 

3.60 
3.36 
3.15 
2.97 
2.80 

2.45 
2.17 
1.95 
1.77 
1.62 
1.49 
1.38 
1.29 
1.14· 
1.02 

0.805 
0.667 
0.570 
0.498 
0.442 
0.398 
0.362 
0.331 
0.284 
0.249 

0.221 
0.199 
0.166 
0.142 
0.124 

0.111 
0.100 
0.0906 
0.OQ31 

0.0767 

0.0712 
0.0665 

13.7 
11.8 
11.6 
11.4 
11.1 

11.0 
10.8 
10.6 
10.5 
10.4 

10.2 
10.1 
9.78 

Internal 
energy 
kJ/kg 

48.78 
52.30 
55.82 
59.35 
66.43 
73.50 

BO.57 
87.62 
94.64 

101.6 
108.6 

125.9 
143.0 
159.9 
176.7 
193.4 
209.9 
226.4 
242.8 
275.3 
307.6 

387.6 
466.9 
545.9 
624.6 
703.1 
781.5 
859.9 
938.1 

1094.0 
1251.0 

1407.0 
1563.0 
1875.0 
2187.0 
2499.0 

2811.0 
3123.0 
3435.0 
3717.0 

4059.0 

4371.0 
4682.0 

Enthalpy 
kJ/kg 

121.6 
127.0 
132.5 
138.0 
149.2 
160.4 

171.7 
183.0 
194.3 
205.6 
216.9 

245.1 
273.2 
301.0 
328.7 
356.2 
383.5 
410.7 
437.7 
491.5 
544.9 

677.4 
808.9 
939.8 

1070.0 
1201.0 
1331.0 
1461.0 
1591.0 
1850.0 
2110.0 

2369.0 
2629.0 
3148.0 
3667.0 
4100.0 

4704.0 
5223.0 
5742.0 
6261.0 

6780.0 

7299.0 
7818.0 < 

150.0 X 10+-5 pascal Isobar 

-2.895 
-2.147 
-1.971 
-1.785 
-1.626 

-1.467 
-1.306 
-1.145 
-0.9937 

-0.8200 

-0.6551 
-0.4888 

0.3624 

64.74 
66.03 
66.31 
66.60 
66.85 

67.11 
67.36 
67.61 
67.86 

68.12 

68.37 
68.63 
69.91 

Entropy 
kJ/kg ·K 

8.107 
8.338 
8.561 
8.778 
9.190 
9.577· 

9.942 
10.28 
10.61 
10.91 
11.20 

11.87 
12.46 
12.99 
13.47 
13.91 
14.32 
14.69 
15.04 
15.67 
16.24 

17.42 
18.38 
19.19 
19.88 
20.50 
21.05 
21.54 
21.99 
22.79 
23.49 

24.10 
24.65 
25.59 
26.39 
27.08 

27.70 
28.24 
28.74 
29.19 

29.60 

29.99 
30.35 

1.513 
1.771 
1.821 
1.871 
1.919 

1.966 
2.013 
2.059 
2.104 

2.148 

2.192 
2.235 
2.444 

Ct· I Cp 

kJ/kg ·K 

3.176 
3.181 
3.186 
3.190 
3.196 
3.202 

3.206 
3.210 
3.213 
3.215 
3.217 

3.218 
3.218 
3.216 
3.213 
3.209 
3.206 
3.202 
3.199 
3.192 
3.186 

3.173 
3.164 
3.158 
3.153 
3.149 
3.146 
3.143 
3.141 
3.138 
3.136 

3.134 
3.132 
3.13.0 
3.129 
3.128 

3.127 
3.127 
3.126 
3.126 

3.125 

3.125 
3.125 

1.974 
2.133 
2.169 
2.184 
2.162 

2.167 
2.173 
2.181 
2.190 

2.199 

2.209 
2.220 
2.278 

5.397 
5.452 
5.498 
5.536 
5.593 
5.630 

5.651 
5.662 
5.664 
5.661 
5.653 

5.624 
5.587 
5.550 
5.514 
5.480 
5.450 
5.424 
5.400 
5.360 
5.328 

5.276 
5.246 
5.227 
5.215 
5.207 
5.202 
5.198 
5.196 
5.193 
5.191 

5.190 
5.189 
5.189 
5.189 
5.189 

5.189 
5.189 
5.190 
E.. 190 

5.190 

5.190 
5.190 

2.447 
2.527 
2.554 
2.561 
2.534 

2.533 
2.536 
2.541 
2.543 

2.556 

2.566 
2.577 
2.646 

Velocity 
of sound 

m/s 

492.8 
492.1 
491.8 
491.9 
493.0 
495.1 

498.0 
501.6 
505.7 
510.1 
514.8 

527.5 
540.9 
554.6 
568.4 
582.2 
595.8 

609.3 
622.6 
648.5 
673.7 

733.1 
788.3 
840.0 
888.9 
935.3 
979.5 

1022.0 
1063.0 
1140.0 
1212.0 

1281.0 
1346.0 
1467.0 
1580.0 
1085.0 

1784.0 
1877.0 
1967.0 
2052.0 

2134.0 

2213.0 
2289.0 

670.4 
660.2 
658.7 
658.0 
657.8 

657.0 
656.3 
655.5 
654.3 

654.1 

653.3 
652.6 
649.3 
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Temper. 

8ture 
K 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 

11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 

18.0 
19.0 
20 .. 0 

21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 
30.0 
J2.0 

34.0 

36.0 
38.0 
40.0 

45.0 
50.0· 
55.0 
6<l.O 
65.0 
70.0 
75.0 

80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

·200.0 
225.0 
250.0 
275.0 
300.0 
350.Q 

400.0 . 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

Density 
kg/rn 3 

214.3 
213.0· 
211.6 
210.3 
208.9 
207.4 
206.0 

202.9 
199.9 
196.8 
193.7 
190.6 
187.4 
184.3 

181.1 
177.9 
174.7 

171.5 
168.4 
165.2 
162.2 
159.1 
156.1 
150.3 
144.8 
139.:i 

134.5 

129.7 
125.2 
121.0 

·111.4 
103.2 
96.10 
89.89 
84.44 
79.62 
75.3.1 

71.49 
64.91 
59.46 

49.21 
42.02 
36.69 
32.57 
29.29 
26.61 
24.38 
22.49 
19.'18 

17.18 

15.37 
13.90 
11.67 
10.05 
8.832 
7.874 
7.103 
6.470 
5.940 
5.491 

Isotherm 
derivative 

105m3 • Pa/kg 

3.58 
3.53 
3.47 
3.41 
3.35 
3.29 
3.23 

3.12 
3.02 
2.92 
2.83 
2.74 
2.65 
2.58 

2.50 
2.43 
2.37 

2.32 
2.26 
2.22 
2.18 
2.14 
2.11 
2.06 
2.03 
2.01 

2.00 

2.00 
2.00 
2.01 

2.06 
2.13 
2.21· 

2.29 
2.38 
2.47 
2.57 

2.67 
2.87 
3.07 

3.57 
4.08 
4.59 
5.10 
5.60 
6.11 
6.62 
7.13 
S.l1 

9.16 

10.2 
11.2 
13.3 
15.3 
17.4 
19.4 
21.5 
23.5 
25.6 
27.6 
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Thermodynamic properties of helium 4-Continued 

Isuchore 
derivative 
I()5Pa/K 

9.57 
9.47 
9.43 
9.43 
9.45 
9.46 
9.47 

9.36 
9.22 
9.03 
8.83 
8.61 
8.42 
8.21 

8.00 
7,.77 
7.55 

7.32 
7.10 
6.88 
6.66 
6.46 
6.25 
5.87 
5.51 
5.19 

4.89 

4.61 
4.36 
4.14 

3.65 
3.25 
2.93 
2.66 
2.44 
2.25 
2.08 

1.94 
1. 71 
1.53 

1.21 
1.00 
0.853 
0.745 
0.661 
0.595 
0.541 
0.495 
0.'125 

0.372 

0.331 
0.298 
0.248 
0.213 
0.186 
0.166 
0.149 
0.136 
0.124 
0.115 

Internal 
energy 

kJ/k~ 

1.248 
2.166 
3.117 
4.101 
5.118 
6.168 
7.252 

9.96 
12.81 
15.81 
18.94 
22.19 
25.08 
28.04 

31.08 
34.17 
37.32 

40.51 
43.75 
47.02 
50.32 
53.64 
56.99 
63.75 
70.57 
77.43 

84.32 

91.23 
98.14 

105.1 

122.3 
139.5 
156.6 
173.6 
190.5 
207.2 
223.9 

240.5 
273.4 
306.1 

387.0 
467.0 
546.4 
625.5 
704.3 
783.0 

. 861.5 
940.0 

1097.0 

1253.0 

1409.0 
1566.0 
1878.0 
2190.0 
2503.0 
2815.0 
3127.0 
3439.0 
3751.0 
4063.0 

Enthalpy 

kJ/kg 

71.23 
72.59 
73.99 
75.44 
76.93 
78.48 
80.07 

83.87 
87.86 
92.04 
96.39 

100.9 
lOS. 1 
109.5 

113.9 
118.5 
123.2 

128.0 
132.8 
137.8 
142.8 
147.9 
153.1 
163.5 
174.2 
18:i.O 

195.9 

206.9 
217.9 
229.0 

256.9 
284.8 
312.7 
340.4 
368.1 
395.6 
423.0 

450.3 
504.5 
558.4 

691.8 
823.9 
955.2 

1086.0 
1217.0 
1347.0 
1477.0 
1607.0 
1867.0 

2126.0 

2386.0 
2645.0 
3164.0 
3682.0 
4201.0 
4720.0 
5238.0 
5757.0 
6276.0 
6795.0 

Entropy 
kJ/kg·K 

2.643 
2.835 
3.020 
3.200 
3.375 
3.546 
3.715 

4.083 
4.437 
4.778 
5.105 
5.420 
5.692 
5.956 

6.211 
6.459 
6.700 

6.933 
7.159 
7.379 
7.593 
7.801 
8.003 
8.391 
8.758 
9.107 

9.437 

9.752 
10.05 
10.34 

10.99 
11.58 
12.11 
12.59 
13.04 
13.44 
13.82 

14.18 
14.81 
15.38 

16.57 
17.54 
18.35 
19.04 
19.66 
20.21 
20.70 
21.16 
21.96 

22.65 

23.26 
23.81 
24.75 
25.55 
26.25 
26.86 
27.40 
27.90 
28.35 
28.76 

C" I Cp 

kJ/kg·K 

2.338 
2.397 
2.455 
2.510 
2.565 
2.618 
2.670 

2.764 
2.850 
2.924 
2.983 
3.025 
3.067 
3.100 

3.126 
3.146 
3.161 

3.174 
3.183 
3.191 
3.198 
3.203 
3.208 
3.216 
3.222 
3.227 

3.232 

3.235 
3.239 
3.241 

3.246 
3.248 
3.248 
3.247 
3.244 
3.241 
3.237 

3.234 
3.226 
3.218 

3.202 
3.189 
3.179 
3.172 
3.166 
3.161 
3.158 
3.154 
3.150 

3.146 

3.143 
3.141 
3.138 
3.136 
3.134 
3.133 
3.132 
3.131 
3.130 
3.130 

2.728 
2.818 
2.913 
3.012 
3.114 
3.219 
3.324 

3.513 
3.695 
3.862 
4.011 
4.142 
4.283 
4.412 

4.529 
4.636 
4.735 

4.826 
4.910 
4.987 
5.058 
5.123 
5.182 
5.283 
5.365 
~.4JO 

5.479 

5.516 
5.543 
5.562 

5.582 
5.579 
5.563 
5.541 
5.517 
5.492 
5.468 

5.445 
5.404 
5.369 

5.306 
5.267 
5.242 
5.225 
5.214 
5.206 
5.201 
5.197 
5.192 
5.190 

5.188 
5.187 
5.187 
5.187 
5.187 
5.187 
5.188 
5.188 
5.188 
5.188 

Velocity 
of sound 

m/s 

646.4 
643.8 
641.6 
639.6 
637.8 
636.1 
634.5 

630.0 
625.7 
621.2 
616.7 
612.3 
608.8 
605.3 

602.0 
598.9 
596.0 

593.4 
591.0 
588.8 
587.0 
585.4 
584.1 
582.3 
581.4 
50l.J 

582.1 

583.5· 
585.4 
587.8 

·595.4 
604.5 
614.6 
625.3 . 

636.3 
647.6 
65S.9 

670.3 
693.0 
715.4 

769.5 
820.9 
869.7 
916.1 
960.5 

1003.0 
1044.0 
1084.0 
1159.0 
1229.0 

1296.0 
1360.0 
1480.0 
1591.0 
1694.0 
1792.0 
1885.0 
1974.0 
2059.0 
2140.0 



Temper· 
ature 

K 

1400.0 
1500.0 

5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.5 

7.0 
7.5 
8.0 
8.5 
9.0 

9.5 
10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 

55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

Density 
kg/m 3 

5.104 . 
4.769 

231.6 
231.3 
231.0 
230.7 
230.4 
230.1 
229.9 
229.6 
~29.3 

228.0 

226.8 
225.7 
224.5 
223.3 
222.1 

220.9 
219.7 
217.1 
214.4 
211.7 

209.1 
206.4 
203.7 
201.0 
198.2 
195.5 
192.7 
189.9 
187.2 
184.5 

181. 7 
179.0 
176.4 
171.1 
166.0 
161.0 
156.2 
151.6 
147.2 
142.9 

133.1 
124.4 

116.7-
109.9 
103.8 
98.31 
93.41 
88.97 
81.28 
74.95 

62.55 
53.79 
47.2] 
42.'08 

TH&RMODYNAMIC PROP&RTI&S OF HEL~UM 4 1029 

Isotherm 
derivative 

lOSm3 • Pa/kg 

29.7 
31.8 

4.45 
4.46 
4.47 
4.48 
4.48 
4.49 
4.49 
4.49 
4.49 
4.47 

4.43 
4.38 
4.33 
4.28 
4.22 

4.17 
4.11 
4.00 
3.90 
3.80 

3.71 
3.62 
3.53 
3.45 
3.37 
3.29 
3.22 
3.15 
3.09 
3.03 

2.97 
2.92 
2.87 
2.79 
2.73 
2.67 
2.64 
2.61 
2.59 
2.58 

2.58 
2.01 

2.67 
2.73 
2.81 
2.89 
2.98 
3.06 
3.25 
3.44 

3.93 
4.42 
4.92 
5.42 

Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
IOSPa/K 

0.107 
0.100 

14.5 
14.1 
13.6 
13.2 
12.9 
12.6 
12.3 
12.0 
11.8 
11.0 

10.5 
10.2 

, 10.1 

10.1 
10.2 

10.2 
10.3 
10.3 
10.2 
10.1 

9.94 
9.75 
9.61 
9.45 
9.27 
9.07 
8.87 
8.67 
8.46 
8.25 

8.05 
7.85 
7.65 
7.26 
6.8-9 
6.54 
6.21 
5.90 
5.62 
5.35 

4.76 
4.28 

3.87 
3.53 
3.23 
2.99 
2.77 
2.59 
2.28 
2.03 

1.61 
1.33 
1.13 
0.990 

Internal 
energy 
kJ/kg 

4375.0 
4687.0 

Enthalpy 
kJ/kg 

7314.0 
7833.0 

200.0 X lOtS pascal Isobar 

0.8074 
0.9814 
1.153 
1.325 
1.496 
1.666 
1.837 
2.007 
2.178 
3.035 

3.903 
4.785 
·5.682 
6.598 
7.535 . 

8.496 
9.485 

12.03 
14.71 
17.55 

20.53 
23.63 
26.32 
29.10 
31.95 
34.86 
37.82 
40.83 
43.89 
46.99 

50.12 
53.29 
56.48 
62.95 
69.51 
76.14 
82.83 
89.56 
96.34 

103.1 

120.2 
131.3 

154.4 
171.4 
188.4 
205.3 
222.1 
238.8 
272.1 
305.0 

386.6 
467.1 
547.0 
626.5 

87.15 
87.44 
87.73 
88.02 
88.30 
88.57 
88.85 
89.12 
89.39 
90.74 

92.07 
93.41 
94.77 
96.16 
97.57 

99.03 
100.5 
104.2 
108.0 
112.0 

116.2 
120.5 
124.5 
128.6 
132.8 
137.2 
141.6 
146.1 
150.7 
155.4 

160.2 
165.0 
169.9 
179.8 
190.0 
200.4 
210.9 
221.5 
232.2 
243.1 

270.5 
298.1 

325.8 
353.5 
381.1 
408.7 
436.2 
463.6 
518.1 
572.3 

706.3 
838.9 
970.7 

1102.0 

Entropy 
kJ/kg ·K 

29.15 
29.51 

1.561 
1.617 
1.671 
1.723 
1.774 
1.824 
1.872 
1.919 
1.965 
2.183 

2.384 
2.573 
2.753 
2.926 
3.093 

3.255 
3.413 
3.766 
4.106 
4.433 

4.749 
5.052 
5.310 
5.559 
5.800 
6.035 
6.262 
6.482 
6.697 
6.905 

7.107 
7.304 
7.496 
7.864 
8.215 
8.549 
8.868 
9.172 
9.462 
9.740 

10.38 
10.97 

11.49 
11.98 
12.42 
12.83 
13.21 
13.56 
14.20 
14.77 

15.97 
16.94 
17.75 
18.45 

Cr I Cp 

kJ/kg ·K 

3.129 
3.129 

2.516 
2.467 
2.446 
2.429 
2.415 
2.404 
2.395 
2.388 , 
2.383 
2.374 

2.385 
2.406 
2.435 
2.469 
'2.509 

2.552 
2.599 
2.689 
2.783 
2.870 

2.940 
2.990 
3.041 
3.081 
3.113 
3.138 
3.158 
3.174 
3.187 
3.197 

3.206 
3.213 
3.219 
3.229 
3.237 
3.244 
3.250 
3.255 
3.259 
3.263 ' 

3.270 
3.275 

3.277 
3.277 
3.275 
3.273 
3.270 
3.266 
3.258 
3.249 

3.230 
3.214 
3.202 
3.192 

5 . .189 
5.189 

2.975 
2.905 
2.866 
2.834 
2.807 
2.784 
2.765 
2.750 
2.738 
2.712 

2.723 
2.759 
2.811 
2.878 
2.954 

3.040 
3.132 
3.307 
3.484 
3.650 

3.795 
3.916 
4.050 
4.171 
4.282 
4.383 
4.476 
4.563 
4.644 
4.719 

4.790 
4.857 
4.919 
5.033 
5.132 
5.217 
5.289 
5.349 
5.398 
5.438 

5.503 
5.::>J4 

5.542 
5.538 
5.525 
5.508 
5.490 
5.470 
5.432 
5.399 

5.330 
5.285 
5.254 
5.234 

Velocity 
of sound 

m/s 

2219.0 
2294.0 

725.7 
725.1 
723.9 
722.8 
721.7 
720.7 
719.7 
718.8 
717.9 
714.2 

711.3 
709.0 
707.3 
706.1 

'705.1 

704.3 
703.6 
701.0 
698.3 
695.1 

691.6 
688.3 
685.6 
683.0 
680.3 
677.7 
675.2 
672.8 
670.5 
668.3 

666.3 
664.4 
662.7 
659.7 
657.4 
655.8 
654.8 
654.5 
654.7 
655.3 

658.9 
tlM.5 

671.5 
679.5 
688.1 
697.3 
706.7 
716.4 
736.1 
755.9 

805.1 
852.7 
898.6 
942.7 
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Temper· 
ature 

K 

225.0 
250.0 
275.0' 
300.0' 
350.0 
400.0' 

450'.0' 
.50'0.0 

60'0.0 
700.0 
800.0' 
900.0' 

1000.0' 
1100.0 

120'0.0' 
1300.0 

1400.0 
1500.0' 

5.9 
6.0 
6.S 
7.0 

7.5 

8.0 
8.5 
9.0 
9.5 

10.0 

11.0 
12.0' 
13.0 
14.0 
15.0' 
16.0 

17.0' 
18.0 
19.0 
20.0 

21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 
30.0 

32.0 
34.0 

36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 

Density 
kg/m3 

37.97 
34.59 ' 
31.76 
29.37 
25.51 
22.56 

20.21 
18.31 
15.41 
13.30' 
11.69 
10.44 
9.421 
IU,H7 

7.887 
7.294 

6.783 
6.339 

239.9 
239.6 
238.4 
237.2 

236.1 
235.1 
234.0 
233.0 
231.9 
'230.8 

228.5 
226.1 
223.7 
221.3 
218.9 
216.4 

214.0 
211.5 
209.0 
206.6 

204.1 
201.6 
199.1 
196.7 
194.2 
191.8 
187.0 
102.3 

177.6 
173.1 

168.7 
164.5 
160.4 

150.7 
141.9 
133.9 
126.8 
120.3 

Isotherm 
derivative 

105m3 • Pa/kg 

5.92 
6.42 
6.92 

7.43 
8.43 
9.44 

10.5 
1l.5 
13.5 
15.5 
17.6 
19.6 
21.7 
23.7 

25.8 
27.8 

29.9 
31.9 

5.23 
5.23 
5.23 
5.21 

5.17 
5.12 
5.07 
5.02 
4.97 
4.91 

4.80 
4.70 
4.61 
4.52 
4.43 
4.34 

4.26 
4.18 
4.10 
4.02 

3.95 
3.88 
3.81 
3.75 
3.69 
3.64 
3.53 
3.44 

3.37 
3.31 

3.25 
3.21 
3.18 

3.14 
3.13 
3.16 
3.20 
3.26 
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Thermodynamic properties of heliu-m 4-Continued 

Isochore 
derivative 

I05Pa/K 

0.879 
0.790 
0.718 
0'.658 
0.564 
0.494 

0.439 
0'.396 
0.330 
0.283 
0.248 
0.221 
0.199 
O.ISI 

0.166 
0.153 

0'.142 
0.133 

14.2 
13;8 
12.4 
11.S 

11.0 
10.8 
10.7 
10.8 
10.8 
10.9 

11.1 
11.1 
11.0 
10.9 
10.7 
10.6 

10.5 
10.3 
10.2 
10.0 

9.79 
9.59 
9.40' 
9.20 
9.01 
8.81 
8.43 
0.06 

7.70 
7.36 

7.04 
6.73 
6.44 

5.79 
5.23 
4.76 
4.35 
4.01 

Internal 
energy 
kJ/kg 

705.6 
7B4.S 
863.3 
941.9 

1099.0 
1256.0 

1412.0 
1568.0 
1881.0 
2194.0 
2506.0 
2818.0 
3131.0' 
3443.0 

. 3755.0 

4067.0 

4379.0' 
4691.0' 

Enthalpy 
kJ/kg 

1232.0' 
1363.0 
1493.0' 
1623.0 
1883.0 
2142.0 

2402.0' 
2661.0 
3179.0 
3698.0 
4216.0 
4735.0 
5253.0' 
5772.0 

6291.0' 
6809.0 

7328.0 
7847.0 

250'.0 X Iota pascal Isobar 

4.754 
4.940 
5.849 
6.738 

7.614 
8.486 
9.359 

10.24 
11.13 
12.05 

14.45 
17.00 
19.72 
22.58 
25.57 
28.11 

30.75 
33.45 
36.22 
39.05 

41.93 
44.86 
47.82 
50.83 
53.87 
56.94 
63.17 
69.50 

75.92 
82.42 

88.98 
95.60' 

102.3 

119.1 
136.0 
]53.0 
170.0 
187.0 

109.0 
109.3 
110.7 
112.1 

113.5 
114.8 
116.2 
117.5 
118.9 
120'.4 

123.9 
127.6 
131.5 
135.6 
139.8 
143.6 

147.6 
151.7 
155.8 
160.1 

164.4 
168.9 
173.4 
177.9 
182.6 
187.3 
196.9 
206.7 

216.7 
226.8 

237.1 
247.6 
258.2 

285.0 
312.2 
339.7 
367.2 
394.8 

Entropy 
kJ/kg ·K 

19.07 

19.62 
20.11 
20.56 
21.36 
22.06 

22.67 
23.22 
24.16 
24.96 
25.65 

26.26 

26.81 
27 . .20 

27.75 
28.17 

28.55 
28.91 

1.674 
1.725 
1.961 
2.171 

2.363 
2.542 
2.711 
2.872 
3.027 
3.179 

3.519 
3.848 
4.166 
4.474 
4.771 
5.01B 

5.258 
5.490 
5.716 
5.935 

6.147 
6.353 
6.553 
6.748 
6.937 
7.121 
7.476 
7.314 

8.137 
8:445 

8.740 
9.023 
9.294 

9.925 
10.50 
11.02 
11.50 
11.94 

C" ! Cp 

kJJkg ·K 

3.184 
3.178 
3.172 
3.168 
3.161 
3.157 

3.153 
3.1SO 
3.146 
3.143 
3.140 
3.139 

3.137 
3.136 

3.135 
3.135 

3.134 
3.133 

2.679 
2.649 
2.543 
2.182 

2.450 

2.439 
2.444 
2.462 
2.491 
2.528 

2.613 
2.714 
2.813 
2.895 
2.952 
3.011 

3.057 
3.095 
3.125 
3.148 

3.168 
3.183 
3.196 
3.207 
3.216 
3.224 
3.237 
3.243 

3.256 
3.264 

3.271 
3.277 
3.282 

3.292 
3.299 
3.30'3 
3.304 
3.304 

5.220' 
5.210 
5.203 
5.198 
5.192 
5.188 

5.187 
5.186 
5.185 
5.185 
5.185 

5.185 

5.186 
5.186 

5.187 
5.187 

5.187 
5.187 

3.076 
3.032 
2.877 
2.709 

2.766 
2.768 
2.796 
2.844 
2.909 
2.986 

3.150' 
3.329 
3.50'0 
3.648 
3.766 
3.89B 

4.015 
4.122 
4.219 
4.308 

4.390 
4.467 
4.539 
4.608 
4.672 
4.734 
4.847 
4.950 

5.042 
5.123 

5.195 
5.257 
5.311 

5.411 
5.471 
5.504 
5.517 
5.518 

Velocity 
of sound 

mls 

985.1 
1026.0' 
1066.0 
1104.0 
1177.0' 
1246.0 

1312.0 
1374.0 
1492.0 
1601.0 
170'4.0 
1801.0 
1893.0 
19B1.0 

2065.0' 
2146.0 

2224.0 
2299.0 

774.7 
773.6 
769.2 
766.1 

763.9 
762:6 
761.8 
761.5 
761.4 
761.5 

760.6 
759.2 
757.0 
754.4 
751.7 
749.9 

747.9 
746.0 
743.9 
741.9 

739.9 
737.9 
736.0 
734.1 
732.3 
730.6 
727.4 
724.6 

722.2 
720'.3 

718.9 
717.9 
717.4 

717.9 
720.6 
725.0 
730.7 
737.3 



Temper· 
ature 

K 

70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0' 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 

900.0 
1000.0 
1100.0 
1200.0 

1300.0 

1400.0 
1500.0 

7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 

30.0 
32.0 
34.0 
36.0 
38.0 

Density 
kg/rn 3 

114.4 
109.1 
104.3 
95.80 
88.62 

74.73 

64.67 
57.04 
51.04 
46.19 
42.19 
38.83 
35.97 
31.34 
27.77 

24.93 
22.62 
19.07 
16.49 
14.52 

12.97 
11.72 
10.68 
9.B19 

9.084 

8.450 
7.899 

246.2 
245.2 
244.2 
243.2 
242.3 
241.3 
240.3 
238.1 
235.9 
233.7 

231.5 
229.3 
227.0 
224.8 
222.5 
220.2 
217.9 
215.6 
213.4 
211.1 

208.8 
206.5 
204.3 
109.8 

195.4 

191.1 
186.9 
182.7 
178.7 
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Isotherm 
derivative 

l()5m3 • Pa/kg 

3.32 
3.40 
3.48 
3.65 
3.83 

4.29 
4.77 
5.26 
5.75 
6.24 
6.73 
7.23 
7.73 
8.72 
9.73 

10.7 
11.7 
13.8 
15.8 
17.8 

19.9 
21.9 
23.9 
26.0 

28.0 

30.1 
32.1 

5.93 
5.90 
5.86 
5.82 
5.77 
5.71 
5.66 
5.55 
5.45 
5.36 

5.27 
5.19 

5.11 
5.03 
4.95 
4.87 
4.79 
4.72 
4.65 
4.58 

4.51 
4.44 
4.38 
4.27 

4.16 
4.07 
3.99 
3.92 
3.86 

Thermodynamic properties of helium 4-Continued 

Iso'chore 
derivative 
I ()5Pa/K 

3.70 
3.44 
3.22 
2.84 
2.54 

2.00 
1.66 
1.41 
1.23 
1.09 
0.984 
0.894 

0.820 
0.703 
0.615 

0.548 
0.493 
0.411 
0.353 
0.309 

0.275 
0.248 
0.225 
0.207 

0.191 

0.177 
0.165 

12.6 
n.8 
11.4 
11.3 
11.3 
11.4 
11.5 
U.8 
11.9 
11.9 

11.8 
11.6 
11:5 
11.4 
11.3 
11.1 
10.9 
10.8 
10.6 
10.4 

10.2 
10.0 
9.83 
9.45 

9.08 
8.73 
8.38 
8.05 
7.73 

Internal 
energy 
kJ/kg 

203.9 
220.8 
237.6 
271.1 
304.3 

386.4 
467.4 
547.8 
627.6 
707.0 
786.1 
865.1 

943.9 
1101.0 
1258.0 

1415.0 
1571.0 
1884.0 
2197.0 
2509.0 

2822.0 
3134.0 
3447.0 
3759.0 

4071.0 

4384.0 
4696.0 

Enthalpy 
kJ/kg 

422.4 
449.9 
477.4 
532.0 
586.4 

720.9 
854.0 
986.1 

1117.0 
1248.0 
1379.0 
1509.0 

1639.0 

1899.0 
2158.0 

2417.0 
2677.0 
3195.0 
3713.0 
4231.U 

4750.0 
5268.0 

5787.0 
630::;.0 

6824.0 

7342.0 
7861.0 

300.0 X 10+5 pascal Isobar 

9.656 
10.55 
11.42 
12.27 
13.11 
13.95 
14.80 
17.08 
19.51 
22.11 

24.87 
27.77 
30.20 
32.72 
35.31 
37.97 
40.69 
43.46 
46.28 
49.14 

52.05 
54.98 
57.95 
63.99 

70.13 
76.37 
82.70 
89.11 
95.58 

131.5 
132.9 
134.3 
135.6 
136.9 
138.3 
139.7 
143.1 
146.7 
150.5 

154.5 
158.6 
162.4 
166.2 
170.2 
174.2 
178.4 
182.6 
186.9 
191.3 

195.7 
200.2 
204.8 
214.1 

223.6 
233.3 
243.2 
253.3 
263.5 

Entropy 
kJ/kg ·K 

12.35 
12.73 
13.09 
13.73 
14.30 

15.50 
16.47 
17.29 
17.99 
18.61 
19.16 
19.65 

20.11 

20.91 
21.60 

22.21 

22.76 
23.70 
24.50 
2::>.19 

25.80 
26.35 

26.84 
27.29 

27.71 

28.09 
28.45 

1.986 
2.184 
2.364 
2.532 
2.689 
2.840 
2.985 
3.315 
3.634 
3.945 

4.247 
4.539 
4.779 
5.013 
5.239 
5.458 
5.671 
5.877 
6.077 
6.272 

6.461 
6.645 
6.824 
7.169 

7.498 
7.811 
8.111 
8.399 
8.674 

Ct· I Cp 

kJ/kg ·K 

3.303 
3.300 
3.297 
3.289 
3.280 

3.258 
3.239 
3.224 
3.212 
3.202 
3.194 
3.188 

3.182 

3.174 
3.167 

3.163 

3.159 
3.153 
3.150 
3.141 

3.145 
3.143 
3.142 
3.140 

3.139 

3.139 

3.138 

2.627 
2.528 
2.467 
2.435 
2.426 
2.436 
2.461 
2.537 
2.645 
2.757 

2.851 
2.916 
2.981 
3.033 
3.075 
3.109 
3.136 
3.159 
3.177 
3;192 

3.205 
3.216 
3.226 
3.24.2 

3.255 
3.266 
3.275 
3.284 
3.291 

5.511 
5.499 
5.484 
5.451 
5.419 

5.349 
5.300 
5.266 
5.242 
5.226 
5.214 
5.205 

5.199 

5.191 
5.187 

5.185 
5.184 
5.183 
5.183 
5.183 

5.184 
5.184 
5.185 
::1.16::1 

5.185 

5.186 
5.186 

2.934 
2.823 
2.766 
2.749 
2.765 
2.805 
2.866 
3.020 
3.204 
3.384 

3.539 
3.658 
3.788 
3.905 
4.009 
4.103 
4.189 
4.269 
4.343 
4.412 

4.478 
4.540 
4.599 
4.710 

4.811 
4.904 
4.989 
5.066 
5.134 

Velocity 
of sound 

m/s 

744.5 
752.3 
760.4 
777.4 
794.9 

839.5 
883.7 
926.8 
968.6 

1009.0 
1048.0 
1087.0 

1124.0 

1195.0 
1262.0 

1326.0 
1388.0 
1504.0 
1612.0 
171::S.U 

1809.0 
1900.0 
1988.0 
2071.0 

2152.0 

2229.0 
2304.0 

814.2 
812.0 
810.8 
810.4 
810.5 
81l.1 
811.9 
812.6 
812.4 
811.1 

809.1 
806.9 

805.8 
804.5 
803.0 
801.6 
800.0 
798.4 
796.8 
795.2 

793.6 
792.0 
790.4 
7.B7.3 

784.4 
781.8 
779.5 
777.5 
775.8 
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Temper. 
ature 

K 

40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 

175.0 
200.0 
225.0 
?'E;OO 

275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

·1400.0 
1500.0 

7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 

15.0 

16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 

25.0 
26.0 
28.0 

Density 
kg/m3 

174.7 

165.3 
156.6 
148.6 
141.3 
134.7 
128.6 
123.0 
117.9 
108.8 
101.1 

85.90 
71.78 

66.25 
59.49 
54.00 
4.Q.44 

45.60 
42.31 
36.98 
32.84 

29.53 
26.83 
22.67 
19.63 
17.30 
15.47 
13.99 
12.76 
11.74 
10.86 

10.11 
9.451 

253.2 
252.3 
251.4 
250.4 
249.5 
248.6 
246.6 
244.6 
242.5 
240.4 

239.3 

236.2 
234.0 
231.9 
229.8 
227.6 
225.5 
223.3 
221.2 
219.1 

217.0 
214.9 
210.7 

Isotherm 
derivative 

105m3 • Pa/kg 

3.81 

3.72 
3.68 
3.67 
3.69 
3.72 
3.77 
3.83 
3.90 
4.05 
4.22 

4.66 
S.13 

5.60 
6.08 
6.56 
7.05 

7.54 
8.03 
9.02 

10.0 

11.0 
12.0 
14.0 
16.0 
18.1 
20.1 
22.1 
24.2 
26.2 
28.2 

30.3 
32.3 

6.60 
6.57 
6.52 
6.47 
6.42 
6.37 
6.25 
6.16 
6.07 
5.99 

5.91 

5.83 
5.76 
5.68 
5.60 
5.53 
5.45 
5.38 
5.31 
5.24 

5.17 
5.11 
4.98 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
I05Pa/K 

7.43 

6.73 
6.13 
5.60 
5.14 
4.74 
4.40 
4.10 
3.83 
3.38 
3.03 

2.39 
1.98 

1.69 
1.47 
1.31 
L18 

1.07 
0.980 
0.840 
0.736 

0.655 
0.590 
0.4:92 
0.423 
0.370 
0.329 
0.297 
0.270 
0.248 
0.229 

0.212 
0.198 

12.6 
12.0 
11.8 
11.8 
11.8 
12.0 
12.4 
12.6 
12.7 
12.6 

12.5 

12.4 
12.3 
12.1 
12.0 
11.8 
11.7 
ll.5 
11.3 
11.1 

10.9 
10.7 
10.4 

Internal 
energy 
kjjkg 

102.1 

118.6 
135.4 
152.3 
169.2 
186.1 
203.1 
220.0 
236.9 
270.5 
303.9 

386.4 
467.9 

548.6 
628.8 
708.5 
787.8 

867.0 
945.9 

1103.0 
1261.0 

1417.0 
1574.0 
1887.0 
2200.0 
2513.0 
2826.0 
3138.0 
3451.0 
3763.0 
4076.0 

4388.0 
4701.0 

Enthalpy 
kj/kg 

273.8 

300.1 
326.9 
354.1 
381.5 
408.9 
436.4 
463.9 
491.4 
546.2 
600.7 

735.7 
869.1 

1001.0 
1133.0 
1264.0 
1395.0 

1525.0 
1655.0 
1915.0 
2174.0 

2433.0 
2692.0 
3210.0 
3729.0 
4247.0 
4765.0 
5283.0 
5801.0 
6319.0 
6838.0 

7356.0 
7875.0 

350.0 X 1()1-5 pascal Isobar 

13.55 
14.42 
15.26 
16.07 
16.87 
17.67 
19.84 
22.15 
24.64 
27.32 

30.15 

32.47 
34.89 
37.39 
39.95 
42.58 
45.26 
47.99 
50.76 
53.58 

56.43 
59.32 
65.19 

151.8 
153.2 
154.5 
155.8 
157.1 
158.5 
161.8 
Ib!:>.3 

169.0 
172.9 

177.0 

180.7 
184.4 
188.3 
192.3 
196.3 
200.5 
204.7 
209.0 
213.3 

217.7 
222.2 
231.3 

Entropy Cv I Cp Velocity 
of sound 

kj/kg ·K kj/kg ·K m/s 

8.939 3.298 

9.559 3.311 
10.12 3.321 
10.64 . 3.327 
11.12 3.330 
11.56 3.332 
11.96 3.331 
12.34 3.329 
12.70 3.326 
13.34 3.318 
13.92 3.309 

15.12 3.285 
16.10 3.264 

16.91 3.246 
17.62 3.232 
18.23 3.220 
18.78 3.211 

19.28 3.203 
19.73 3.196 
20.53 3.186 
21.23 3.178 

21.84 3.172 
22.38 3.168 
23.33 3.161 
24.13 3.156 
24.82 3.153 
25 .. 43 3.150 
25.97 3.148 
26.47 3.147 
26.92 3.145 
27.33 3.144 

27.72 3.143 
28.08 3.142 

2.026 
2.210 
2.377 
2.533 
2.679 
2.820 
3.139 
3.450 

·3.754 

4.052 

4.S41 

4.576 
4.804 
5.025 
5.240 
5.448 
5.650 
5.846 
6.037 
6.222 

6.402 
6.577 
6.915 

2.636 
2.516 
2.441 
2.400 
2.387 
2.396 
2.463 
2.5TI 

2.701 
2.808 

2.9&2 

2.952 
3.009 
3.055 . 

3.093 
3.123 
3.148 
3.169 
3.187 
3.201 

3.214 
3.225 
3.244 

5.196 774.5 

5.318 772.9 
5.402 773.3 
5.455 775.4 
5.486 779.0 
5.500 783.7 
5.503 789.3 
5.499 795.6 
5.490 802.3 
5.464 816.9 
5.435 832.3 

5.366 872.7 
5.314 913.6 

5.276 954.1 
5.249 993.8 
5.231 1033.0 
5.217 1070.0 

5.207 1l07.0 
5.200 1143.0 
5.191 1212.0 
5.186 1278.0 

5.183 1341.0 
5.181 1401.0 
5.180 1515.0 
5.181 1622.0 
5.181 ·1722.0 
5.182 1817.0 
5.182 1908.0 
5.183 1994.0 
5.183 2077.0 
5.184 2157.0 

5.184 2234.0 
5.185 2309.0 

2.918 
2.794 
2.728 
2.707 
2.721 
2.763 
2.907 
3.097 

3.289 
3.453 

3.575 

3.706 
3.821 
3.924 
4.017 
4.102 
4.179 
4.251 
4.319 
4.382 

4.442 
4.499 
4.606 

855.0 
853.8 
853.6 
854.2 
855.3 
856.7 
859.0 
860.1 
859.7 
858.2 

956.4 

855.7 
854.9 
854.0 
853.0 
851.8 
850.7 
849.4 
848.1 
846.8 

845.4 
844.1 
841.3 



Temper· 
ature 

K 

30.0 
32.0 
34.0 

36.0 
38.0 

40.0 

45.0 
50.0 

55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

225.0 
250.0 
275.0 
300.0 

350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
IS.0 

19.0 
20.0 
21.0 
22.0 
23.0 

Density 
kg/m 3 

206.5 
202.5 
198.4 

194.5 
190.6 

186.8 

177.8 
160.3 

161.4 
154.1 
147.3 
141.1 
135.3 
130.0 
120.6 
112.4 

96.21 
84.20 
74.91 
67.:10 

61.44 
56.38 
52.10 
1B.12 

42.44 
37.77 

34.02 
30.95 
26.21 
22.73 
20.06 
17.95 
16.24 
14.83 
13.64 
12.63 

11.75 
10.99 

259.5 
258.6 
257.8 
256.9 
256.1 
254.2 
252.3 
250.3 
248.3 
240.3 

244.3 

242.2 
240.2 
238.2 

236.1 
234.1 
232.1 
230.0 

Isotherm 
derivative 

1(}~m3 . Pa/kg 

4.87 
4.77 
4.67 

4.59 
4.51 

4.45 

4.32 
4.24 

4.20 
4.19 
4.20 
4.23 
4.28 
4.33 
4.47 
4.62 

5.04 
5.49 
5.95 
6.42 

6.89 
7.37 
7.85 
B.33 

9.31 
10.3 

11.3 
12.3 
14.3 
16.3 
18.3 
20.3 
22.3 
24.4 
26.4 
28.4 

30.5 
32.5 

7.24 
7.19 
7.14 
7.09 
7.04 
6.93 
6.83 
6.75 
6:67 
o.bU 

6.53 
6.45 
6.3B 

6.30 
6.23 
6.16 
6.09 
6.01 

THERMODYNAMIC PROPERTIES OF HELIUM 4 1033 

Thermodynamic properties of helium 4~Continued 

Isochore 
derivative 
IOSPa/K 

10.0 
9.65 
9.30 

8.96 
8.63 

8.32 

7.60 
Ii Qti 

6.39 
5.89 
5.45 
5.06 
4.72 
4.42 
3.92 
3.51 

2.78 

2.30 
1.96 
1. 71 

1.52 
1.37 
1.24 . 
1.11 
0.977 

0.855 

0.761 
0.686 
0.573 
0.492 
0.431 
0.383 

0.345 
0.314 
0.288 
0.266 

0.247 
0.231 

12.6 
12.3 
12.2 
12.3 
12.5 
13.0 
13.3 
13.5 
13.4 
13.3 

13.2 
13.1 
13.0 

12.8 
12.7 
12.5 
12.3 
12.2 

Internal 
energy 
kJ/kg 

71.17 

77.26 
83.45 
89.71 
96. or:. 

102.5 

118.7 
1~!l.~ 

152.0 

168.8 
185.7 
202.6 
219.6 
236.5 
270.2 
303.7 

386.6 
468.5 
549.6 
630.0 

710.0 
789.6 
868.9 
919.1 

1106.0 
1263.0 

1420.0 
1577.0 
1891.0 
2204.0 
2517.0 
2829.0 
3142.0-
3455.0 
3767.0 
4080.0 

4393.0 
4705.0 

Enthalpy 
kJ/kg 

240.6 
250.1 
259.8 
269.7 
279.7 

289.8 

315.6 
342.0 
368.9 

396.0 
423.3 
450.7 
478.2 
505.7 
560.5 
615.1 

750.4 
884.2 

1017.0 
1149.0 

1280.0 
1410.0 
1541.0 
1671.0 

1931.0 

2190.0 

2449.0 
2708.0 
3226.0 
3744.0 
4262.0 
4780.0 

5298.0 
5816.0 
6334.0 
6852.0 

7370.0 
7889.0 

400.0 X 10+5 pascal Isobar 

17.47 
18.31 
19.10 
19.86 
20.61 
22.67 
24.87 
27.26 
29.86 
3:'::.02 

34.86 
37.19 
39.60 

42.08 
44.63 
47.23 
49.88 
52.58 

171.6 
173.0 
174.3 
175.5 
176.8 
180.0 
183.4 
187.1 
191.0 
l'J!:>.U 

198.6 
202.3 
206.1 

210.0 
214.0 
218.1 
222.2 
226.5 

Entropy 
kJ/kg ·K 

7.236 
7.543 
7.836 

8.117 
0.307 

8.647 

9.256 
9.812 

10.32 

10.80 
11.23 
11.64 
12.02 
12.37 

_ 13.02 

13.59 

14.80 
15.78 
16.60 
17.30 

17.92 
18.47 
18.96 
19.'12 

20.22 
20.91 

21.52 
22.07 
23.01 
23.81 
24.50 
25.11 
25.66 
26.15 
26.60 
27.02 

27.40 
27.76 

2.073 
2.241 
2.395 
2.539 
2.675 
2.985 
3.287 
3.586 
3.880 
4.100 

4.396 
4.621 
4.838 

5.049 
5.254 
5.453 
5.646 
,5.833 

C r I C,. 

kJ/kg ·K 

3.259 
3.273 
3.284 
3.294 
3.304 

3.312 

3.329 
3.341 
3.350 

3.355 
3.357 

3.358 
3.356 
3.354 
3.347 
3.337 

3.312 
3.289 
3.269 
3.2:12 

3.239 
3.228 
3.219 
3.211 

3.199 

3.190 

3.183 
3.177 
3.169 
3.164 
3.159 
3.156 
3.154 
3.152 
3.150 
3.149 

3.148 
3.147 

2.585 
2.461 
2.384 
2.344 
2.335 
2.390 
2.511 
2.648 
2.768 
2J~50 

2.925 
2.986 
3.036 

3.077 
3.110 
3.138 
3.161 
3.180 

4.705 
4.797 
4.882 
4.960 
5.031 

5.096 

5.232 

5.332 
5.402 
5.447 
5.475 

5.489 
5.493 
5.490 
5.472 
5.447 

5.380 
5.326 
5.286 
::;.2:16 

5.235 
5.220 
5.209 
5.201 

5.190 

5.184 

5.181 
5.179 
5.178 
5.178 
5.179 
5.180 
5.180 
5.181 
5.182 
5.182 

5.183 
5.183 

2.847 
2.726 
2.665 
2.650 
2.671 

2.804 
3.001 
3.206 
3.381 
3.509 

3.640 
3.756 
3.959 

3.951 
4.035 
4.111 
4.182 
4.247 

Velocity 
of sound 

mls 

838.5 
835.9 
833.4 
831.1 
029.0 

827.2 

824.0 
822.6 
823.0 

824.8 
827.8 
831.9 
836.7 
842.2 
854.5 
868.0 

904.6 
942.5 
980.6 

1018.0 

1055.0 
1092.0 
1127.0 
1162.0 

1229.0 
1293.0 

1355.0 
1414.0 
1526j) 
1632.0 
1731.0 
1825.0 

1915.0 
2001.0 
2083.0 
2103.0 

2239.0 
2313.0 

892.9 
892.8 
893.6 
895.2 
897.2 
901.3 
903.6 
904.0 
903.0 
901.5 

901.2 
900.8 
900.3 

899.7 
898.9 
898.1 
897.2 
896.2 
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Temper. 
ature 

K 

24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 

225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
BOO.O 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

8.5 
9.0 
9.5 

10.0 
11.0 
12.0 

13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 
20.0 

Density 
kg/m3 

228.0 
226.0 

224.0 
220.0 
216.1 
212.2 
208.4 
204.7 
201.0 
197.3 

188.6 
180.3 
172.6 
165.3 
158.5 
152.3 
146.4 
141.0 
131.3 
122.8 

105.8 
93.03 
83.08 
73.09 

68.53 
63.03 
58.35 
54.32 
47.73 
42.56 

38.40 
34.98 
29.69 
25.78 
22.77 
20.40 
18.47 
16.87 
15.53 
14.38 

13.39 
12.53 

265.3 
264.5' 
263.7 
262.9 
261.1 
259.3 

257.4 
255.4 
253.5 
251.6 

249.6 
247.7 
245.7 
243.7 

Isotherm 
derivative 

IOSm3 • Pa/kg 

5.95 
5.88, 

5.Bl 
5.68 
5.56 
5.45 
5.35 
5.26 
5.17 
5.09 

4.93 
4.82 
4.75 
4.71 
4.70 
4.71 
4.74 
4.78 
4.89 
5.02 

5.41 
5.85 
6.30 
0.75 

7.22 
7.69 
8.16 
8.64 
9.60 

10.6 

11.5 
12.5 
14.5 
16.5 
18.5 
20.5 
22.5 
24.6 
26.6 
28.6 

30.6 
32.7 

7.85 
7.79 
7.74 
7.68 
7.57 
1.48 

7.40 
7.33 
7.27 
7.19 

7.12 
7.05 
6.98 
6.91 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
IOSPa/K 

12.0 
11.8 

11.6 
11.2 
10.9 
10.5 
10.1 
9.80 
9.47 
9.15 

8.40 
7.73 
7.13 
6.60 
6.i2 
5.70 
5.33 
5.00 
4.43 
3.98 

3.16 
2.61 
2.23 
1.95 

1.73 
1.55 
1.41 
1.30 
l.ll 
0.974 

0.867 
0.781 
0.653 
0.561 
0.491 
0.437 
0.394 
0.358 
0.329 
0.304 

0.282 
0.264 

12.7 
12.5 
12.6 
12.8 
13.5 
14.0 

14:.2 
14.2 
14.0 
14.0 

13.9 
13.8 
13.6 
13.5 

Internal 
energy 
kJ/kg 

55.32 
58.10 

60.92 
66.64 
72.49 
78.45 
84.51 
90.65 
96.88 

103.2 

119.2 
135.5 
152.1 
168.8 
185.7 
202.5 
219.4 
236.3 
270.1 
303.7 

387.0 
469.3 
550.7 
631.4 

711.6 
791.4 
871.0 
950.3 

ll08.0 
1266.0 

1423.0 
1580.0 
1894.0 
2207.0 
2520.0 
2833.0 
3146~0 
3459.0 
3772.0 
4084.0 

4397.0 
4710.0 

Enthalpy 
kJ/kg 

230.7 
235.1 

239.5 
2~.4 

257.6 
266.9 
276.4 
286.1 
295.9 
305.9 

331.3 
357.4 
383.9 
410.8 
437.9 
465.2 
492.6 
520.0 
574.8 
629.5 

765.1 
899.2 

1032.0 
1104.0 

1295.0 
1426.0 
1557.0 
1687.0 
1946.0 
2206.0 

2465.0 
2724.0 
3241.0 
3759.0 
4276.0 
4794.0 
5312~0 

5830.0 
6348.0 
686G.O 

7384.0 
7902.0 

450.0 X 10+5 pascal Isobar 

21.39 
22.17 
22.91 
23.61 
25.56 
27.65 

29.94 
32.46 
35.16 
37.81 

39.56 
41.90 
44.31 
46.78 

191.0 
192.3 
193.6 
194.8 
197.9 
201.2 

204.8 
208.6 
212.7 
216.2 

219.9 
223.6 
227.5 
231.4 

Entropy 
kJ/kg ·K 

6.015 
6.192 

6.365 
6.696 
7.012 
7.313 
7.602 
7.878 
H.143 

8.399 

8.998 
9.547 

10.05 
10.52 
10.96 
11.36 
11.74 
12.09 
12.74 
13.31 

14.52 
15.50 
16.32 
17.03 

17.64 
18.20 
18.69 
19.15 
19.95 
20.64 

21.25 
21.79 
22.74 
23.54 

24.23 
24.84 

25.38 
25.88 
26.33 
26.74 

27.13 
27.48 

2.120 
2.273 
2.414 
2.547 
2.846 
3.140 

3.433 
3.724 
4.008 
1.235 

4.456 
4.671 
4.879 
5.081 

Cr I C,. 

kJ/kg·K 

3.197 
3.211 

3.224 
3.245 
3.263 
3.278 
3.292 
3.304 
3.314 

3.324 

3.345 
3.360 
3.371 
3.378 
3.382 
3.383 
3.383 
3.381 
3.374 
3.365 

3.338 
3.313 
3.291 
3.273 

3.258 
3.245 . 
3.234 
3.225 
3.211 
3.201 

3.193 
3.186 
3.177 
3.171 
3.166 
3.162 

3.160 
3.157 
3.155 
3.154 

3.152 
3.151 

2.492 
2.375 
2.307 , 
2.277 
2.318 
2.445 

2.596 
2.729 
2.822 
2.900 

2.965 
3.018 
3.062 
3.098 

4.309 
4.367 

4.423 
4.527 
4.623 
4.713 
4.796 
4.874 
4.946 

5.012 

5.155 
5.266 
5.348 
5.406 
5.445 
5.469 
5.481 
5.4085 
5.476 
5.456 

5.393 
5.338 
5.295 
3.203 

5.240 
5.223 
5.211 
5.201 
5.189 
5.183 

5.179 
5.177 
5.176 
5.176 
5.177 
5.178 

5.179 
5.180 
5.180 
5.101 

5.182 
5.182 

2.739 
2.634 
2.588 
2.587 
2.707 
2.913 

3.132 
3.320 
3.456 
3.587 

3.704 
3.807 
3.899 
3.982 

Velocity 
of sound 

mls 

895.1 
894.0 

892.9 
890.4 
887.9 
885.4 
882.9~ 

880.5 
878.2 

876.1 

871.8 
869.1 
867.9 
868.2 
869.8 
872.4 
876.0 
880.3 
890.5 
902.2 

935.2 
970.4 

1006.0 
1042.0 

1077.0 
1112.0 
1146.0 
1180.0 
1245.0 
1308.0 

1368.0 
1427.0 
1537.0 
1641.0 
1740.0 
1833.0 

1922.0 
2007.0 
2089.0 
2160.0 

2244.0 
2318.0 

928.6 
929.7 
931.6 
934.2 
940.0 
943.8 

944.9 
944.4 
943.3 
943.3 

943.2 
943.0 
942.7 
942.2 



Temper-
ature 

K 

21.U 
22.0 
23.0 
24.0 
25.0 

26.0 

28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

45.0 
50.0 
55.0 

60.0 
65.0 
70.0 
75.0 

80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 

400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900·9 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0\ 
15.0 
16.0 
17.0 

18.0 

Density 
kg/rn!'! 

241.8 
239.9 
237.9 
236.0 
234.1 

232.2 

228.4 
224.6 
220.9 
217.2 
213.6 
210.1 
206.6 

198.1 
190.1 
182.5 

175.4 
168.7 
162.4 
156.5 

151.0 
14l.1 
132.4 

114.·7 
101.3 
90.81 
82.32 
75.30 
69.40 
64.36 
60.01 
r,2.06 

47.23 

42.68 
38.93 
33.10 
28.79 
25.46 
22.82 
20.68 
18.90 
17.40 
16.12 

15.02 
14.06 

270.7 
269.9 
269.1 
267.5 
265.7 
263.8 
262.0 
260.1 
258.2 
256.3 

254.4 

Isotherm 
derivative 

loo;m3 • Pa/kg 

6.84 

6.77 
6.70 
6.63 
6.56 

6.49 

6.37 
6.24 
6.13 
6.02 
5.91 
5.82 
5.73 

5.55 
5.41 
5.31 

5.24 
5.21 
5.20 
5.21 

5.23 
5.31 
5.43 

5.79 
6.21 
6.64 
7.09 
7.54 
8.01 
8.47 
8.94 
9.09 

10.8 

11.8 
12.8 
14.8 
16.7 
18.7 
20.7 
22.7 
24.8 
26.8 
28.8 

30.8 
32.8 

8.42 
8.36 
8.30 
8.19 
8.]0 
8.03 
7.97 
7.91 
7.84 
7.77 

7.70 
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Isochore 
derivative 
} (}">Pa/K 

13.3 

13.1 
13.0 
12.8 
12.6 

12.4 

12.0 
11.6 
11.3 
10.9 
10.6 
10.2 
9.91 

9.15 
8.45 
7.83 

7.27 
6.76 
6.31 
5.91 

5.55 
4.94 
4.44 

3.53 
2.92 
2.50 
2.18 
1.93 
1.74 
l.58 
1.45 
1.25 

1.09 

0.972 
0.876 
0.732 
0.629 
0.551 
0.491 
0.442 
0.402 
0.369 
0.341 

0.317 
0.296 

12.8 
12.9 
13.1 
14.0 
14.6 
14.9 
15.0 
14.8 
14.8 
14.7 

14.5 

Internal 
energy 
kJ/kg 

49.32 

51.90 
54.53 
57.21 
59.92 

62.68 

68.28 
74.01 

·79.85 
85.80 
91.83 
97.96 

104.2 

120.0 
136.1 
152.5 

169.1 
185.9 
202.7 
219.6 

236.5 
270.3 
304.0 

387.5 
470.1 
551.8 
632.8 
713.3 
793.4 
873.1 
952.5 

1111.0 

1269.0 

1426.0 
1583.0 
1897.0 
2211.0 
2524.0 
2837.0 
3150.0 
3463.0 
3776.0 
4089.0 

4402.0 
4714.0 

Enthalpy 
kJ/kg 

235.4 

239.5 
243.7 
247.9 
252.2 

256.5 

265.3 
274.4 
283.6 
292.9 
302.5 
312.2 
322.0 

347.1 
372.8 
399.1 

425.7 
452.7 
479.8 
507.1 

534.5 
589.3 
644.0 

779.8 
914.2 

1047.0 
1179.0 
131l.0 
1442.0 
1572.0 
1702.0 
1962.0 

. 2221.0 

2480.0 
2739.0 
3257.0 
3774.0 
4291.0 
4809.0 
5326.0 
5844.0 
6362.0 
6880.0 

7398.0 
7916.0 

bUO.U X 1(J'"" pascal Isobar 

25.27 
25.98 
26.66 
28.50 
30.46 
32.66 
35.09 
37.74 
39.82 
42.00 

44.27 

210.0 
211.2 
212.4 
215.4 
218.6 
222.2 
226.0 
230.0 
233.5 
237.1 

240.8 

Entropy 
kj/kg ·K 

5.278 

5.468 
5.653. 
5.832 
6.007 

6.177 

6.504 
6.816 
7.113 
7.397 
7.669 
7.931 

·8.183 

8.774 
9.316 
9.817 

10.28 
10.71 
11.11 
11.49 

11.84 
12.49 
13.07 

14.28 
15.26 
16.08 
16.79 
17.40 
17.96 
18.45 
18.91 
19.71 

20.40 

21.01 
21.56 
22.50 
23.30 
23.99 
24.60 
25.14 
25.64 
26.09 
26.50 

26.88 
27.24 

2.163 
2.302 
2.431 
2.720 
3.006 
3.294 
3.581 
3.864 
4.088 
4.306 

4.519 

CI • I Cp 

kJ/kg ·K 

S.128 

3.153 
3."174 
3.192 
3.209 

3.222 

3.246 
3.265 
3.283 
3.298 
3.312 
3.324 
3.336 

3.359 
3.378 
3.391 

3.400 
3.405 
3.408 
3.409 

3.407 
3.401 
3.392 

3.365 
3.337 
3.313 
3.293 
3.276 
3.262 
3.250 
3.240 
3.224-

3.212 

3.203 
3.196 
3.185 
3.178· 
3.172 
3.168 
3.165 
3.162 
3.160 
3.158 

3.157 
3.156 

2.373 
2.273 
2.221 
2.248 
2.380 
2.545 
2.693 
2.795 
2.877 
2.945 

3.002 

4.058 

4.127 
4.192 
4.252 
1.309 

4.363 

4.465 
4.558 
4.646 
4.728 
4.804 
4.876 
4.943 

5.089 
5.206 
5.297 

5.365 
5.413 
5.445 
5.465 

5.475 
5.476 
5.462 

5.405 
5.349 
5.304 
5.270 
5.245 
5.226 
5.212 
5.202 
5.109 

5.181 . 

5.171 
5.175 
5.174 
5.174 
5.175. 
5.176 
5.177 
5.178 
5.179 
5.179 

5.180 
5.181 

2.613 
2.532 
2.508 
2.615 
2.829 
3.064 
3.266 
3.410 
3.543 
3.661 

3.764 

Velocity 
of sound 

rots 

941.7 

941.1 
940.4 
939.6 
939.7 

937.7 

935.7 
933.4 
931.1 
928.6 
926.2 
923.9 
921.6 

916.6 
912.9 
910.::; 

909.5 
909.8 
911.2 
913.5 

916.7 
924.9 
935.0 

964.7 
997.0 

1031.0 
1065.0 
1099.0 
1I32.0 
1165.0 
1198.0 
1261.0 

1323.0 

1382.0 
1439.0 
1548.0 
1651.0 
1748.0 
1840.0 
1929.0 
2013.0 
2094.0 
2173.0 

2249.0 
2322.0 

962.8 
965.1 
968.1 
976.0 
981.2· 
983.2 
983.2 
982.3 
982.5 
982.7 

982.7 
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Temper-
ature 

K 

19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 

30.0 
32.0 
34.0 
36".0 

38.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
7!:>.0 

80.0 
90.0' 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
lIOO.O 
1200.0 
1300.0 

1400.0 
1500.0 

11.0 
12.0 
13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 

Density 
kg/m 3 

252.5 
250.7 
248.8 
246.9 
245.0 
243.2 
241.3 
239.5 
235.8 

232.2 
228.6 
225.1 
221.6 
218.2 
214.9 

206.7 
198.9 
191.5 
184.4 
177.8 
171.6 
Ib5.7 

160.2 
150.1 
141.2 

123.1 
109.2 
98.15 
89.21 
81.79 
75.52 
70.16" 
65.51 
57.84 
51.78 

46.87 
42.80 
36.46 
31.75 
28.11 
25.22 
22.86 
20.91 
19.26 
17.85 

16.64 
15.57 

278.9 
277.2 
275.4 
273.6 
271.8 
270.0 

268.2 
266.5 
264.7 

Isotherm 
derivative 

lOSm3 • Pa/kg 

7.63 
7.56 
7.49 
7.42 
7.36 
7.29 
7.22 
7.16 
7.03 

6.90 
6.78 
6.67 
6.56 
6.46 
6.37 

6.16 
6.00 
5.87 
5.79 
5.73 
5.69 
!>.68 

5.69 
5.75 
5.84 

6.17 
6.57 
6.99 
7.43 
7.87 
8.32 
8.78 
9.24 

10.2 
11.1 

12.1 
13.0 
15.0 
17.0 
19.0 
20.9 
22.9 
25.0 
27.0 
29.0 

31.0 
33.0 

9.37 
9.29 

9.24 
9.20 
9.15 
9.09 

9.02 
8.95 
8.88 
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Thermodynamic properties of helium 4-Continued 

Is 0 chore 
derivative 
iOSPa/K 

14.4 
14.2 
14.1 
13.9 
13.7 
13.5 
13.3 
13.2 
12.8 

12.4 
12.0 
11.7 
11.3 
11.0 
10.6 

9.85 
9.14 
8.49 
7.90 
7.37 
6.90 
0.47 

6.09 
5.43 
4.88 

3.89 
3.23 
2.76 
2.41 
2.14 
1.92 
1. 75 
1.60 
1.38 
1.21 

1.08 
0.970 
0.8~1 

0.697 
0.611 
0.544 
0.490 
0.446 
0.409 
0.378 

0.352 
0.328 

14.7 
15.7 

16.3 
16.4 
16.3 
16.2 

16.1 
16.0 
15.9 

Internal 
energy 
kjJkg 

46.61 
49.02 
51.49 
54.01 
56.58 
59.20 
61.86 
64.55 
70.05 

75.67 
81.41 
87.25 
93.20 
99.23 

105.3 

120.9 
136.9 
153.2 
169.7 
186.3 
203.1 
2lY.'J 

236.8 
270.6 
304.4 

388.2 
471.1 
553.1 
634.3 
715.1 
795.3 
875.2 
954.8 

1113.0 
1271.0 

1429.0 
1586.0 
1900.0 
2214.0 
2528.0 
2841.0 
3154.0 
3467.0 
3780.0 
4093.0 

4406.0 
4719.0 

Enthalpy 
kJ/kg 

244.6 
248.5 
252.5 
256.5 
260.6 
264.8 
269.0 
273.3 
282.1 

291.0 
300.1 
309.4 
318.8 
328.3 
338.0 

362.9 
388.3 
414.3 
440.8 
467.5 
494.5 
:>:.l1. -, 
549.0 
603.7 
658.4 

794.5 
929.1 

1062.0 
1195.0 
1326.0 
1457.0 
1588.0 
1718.0 
1978.0 
2237.0 

2496.0 
2755.0 
3272.0 
3789.0 
4306.0 
4823.0 
5341.0 
5858.0 
6376.0 
6894.0 

7412.0 
7930.0 

600.0 X 10+:; pascal Isobar 

34.45 
36.17 

38.16 
40.44 
42.97 
41.02 

46.97 
49.12 
51.34 

249.6 
252.6 

256.0 
259.7 
263.7 
267.1 

270.6 
274.3 
278.0 

Entropy 
kJ/kg ·K 

4.725 
4.925 
5.119 
5.307 
5.490 
5.668 
5.841 
6.009 
6.333 

6.640 
6.934 
7;215 
7.484 
7.743 
7.991 

8.576 
9.112 
9.608 

10.07 
10.50 
10.90 
11.2-' 

11.62 
12.27 
12.84 

14.06 
15.04 
15.86 
16.57 
17.19 
17.74 
18.24 
18.69 
19.49 
20.19 

20.80 
21.34 
22.28 
23.08 
23.77 
24.38 
24.93 
25.42 
25.87 
26.28 

26.67 
27.03 

2.499 
2.768 

3.044 
3.325 
3.606 
3.926 

4.040 
4.248 
4.451 

Cr I CIl 

kJ/kg ·K 

3.048 
3.086 
3.118 
3.145 
3.168 
3.187 
3.204 
3.220 
3.246 

3.268 
3.287 
3.304 
3.319 
3.333 
3.346 

3.373 
3.394 
3.410 
3.421 
3.428 
3.432 
3.433 

3.433 
3.427 
3.419 

3.390 
3.361 
3.336 
3.314 
3.295 
3.280 
3.266 
3.255 
3.237 
3.224 

3.2]4 
3.205 
3.193 
3.185 
3.179 
3.174 
3.171 
3.168 
3.165 
3.163 

3.162 
3.160 

2.106 
2.250 

2.445 
2.624 
2.749 
2.937 

2.910 
2.972 
3.022 

3.857 
3.939 
4.015 
4.083 
4.147 
4.207 
4.263 
4.316 
4.415 

4.507 
4.592 
4.673 
4.748 
4.819 
4.885 

5.032 
5.153 
5.249 
5.324 
5.380 
5.420 
5.447 

5.463 
5.474 
5.466 

5.415 
5.359 
5.313 
5.277 
5.250 
5.229 
5.214 
5.203 
5.188 
5.180 

5.175 
5.173 
5.171 
5.172 
5.173 
5.174 
5.175 
5.176 
5.177 
5.178 

5.179 
5.179 

2.434 
2.666 

2.936 
3.171 
3.336 
3.472 

3.592 
3.698 
3.791 

Velocity 
of sound 

m/s 

982.6 
982.5 
982.2 
981.8 
981.4 
980.8 
980.1 
979.4 
977.7 

975.7 
973.5 
971.3 
968.9 
966.5 
964.2 

958.8 
954.3 
950.9 
948.9 
948.0 
948.3 
949.5 

951.7 
958.0 
966.5 

993.0 
1023.0 " 

1055.0 
1087.0 
1120.0 
1152.0 
1184.0" 
1215.0 
1277.0 
1337.0 

1395.0 
1451.0 
1558.0 
1660.0 
1756.0 
1848.0 
1935.0 
2019.0 
2100.0 
2178.0 

2253.0 
2326.0 

1041.0 
1049.0 

1053.0 
1054.0 
1054.0 
1054.0 " 

1055.0 
1055.0 
1056.0 



Temper. 
ature 

K 

20.0 

21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
28.0 
30.0 
32.0 
34.0 

36.0 
38.0 

40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 

Density 
kg/rna 

262.9 

261.1 
259.3 
257.6 
255.8 
254.1 
252.3 
248.9 
245.5 
242.1 
238.8 

235.6 
232.4 

229 •. 2 

221.5 
214.1 
207.0 
200.3 
193.8 
187.7 
181.9 
176.4 
166.3 
157.2 

138.3 
123.6 
111.8 
102.1 
93.99 
87.10 
81.16 
75.99 
67.40 
60.55 

54.97 
50.32 
43.02 
37.57 
33.33 
29.95 

27.18 
24.89 
22.94 
21.20 

19.84 
18.59 

287.4 
285.6 
283.9 
282.1 
280.4 
278.7 
276.9 
275.2 
273.5 
271.8 

Isotherm 
derivative 

lOSm3 • Pa/kg 

8.82 

8.75 
8.69 
8.62 
8.56 
8.49 
8.43 
8.30 
8.18 
8.06 
7.94 

7.83 
7.72 
7.62 

7.38 
71R 

7.02 
6.89 
6.79 
6.71 
6.66 
6.64 
6.64 

·6.68 

6.94 
7:29 
7.68 
8.10 
8.52 
8.96 
9.40 
9.85 

10.8 
11.7 

12.6 
13.6 
15.5 
17.4 
19.4 
21.4 

23.3 
25.3 
27.3 
29.3 

31.3 
33.3 

10.4 
10.4 
10.4 
10.4 
10.3 
10.2 
10.1 
10.1 
10.0 
9.95 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 
lOSPafK 

15.7 

15.5 
15.4 
15.2 
15.0 
14.8 
14.6 
14.2 
13.8 
13.4 
13.0 

12.7 
12.3 

12.0 

11.1 
10.4 

9.71 
9.08 
8.51 
7.99 
7.53 
7.10 
6.36 
5.74 

4.60 
3.82 
3.27 
2.86 
2.54 
2.29 
2.08 
1.91 
1.64 
1.44 

1.28 
1.16 
0.967 
0.831 
0.729 
0.650 
0.586 
0.533 
0.490 
0.452 

0.420 
0.393 

16.6 
17.4 
17.7 
17.6 
17.6 
17.5 
17.4 
17.3 
17.1 
16.9 

Internal 
energy 
kJ/kg 

53.64 

56.00 
58.41 
60.88 
63.39 
65.95 
68.54 
73.85 
79.29 
84.85 
90.53 

96.31 
102.2 

108.1 

123.4 
139.1 

155.1 
171.4 
187.8 
204.5 
221.2 
238.1 
271.8 
305.6 

389.9 
473.3 
555.8 
637.6 
718.7 
799.4 
879.7 
959.6 

1119.0 
1277.0 

1435.0 
1593.0 
1907.0 
2221.0 
2535.0 
2849.0 
3162.0 
3475.0 
3789.0 
4102.0 

4415.0 
4728.0 

Enthalpy 
kJ/kg 

281.9 

285.8 
289.8 
293.8 
297.9 
302.1 
306.3 
314.9 
323.7 
332.6 
341.7 

351.0 
360.4 

369.9 

394.3 
419.3 

444.9 
471.0 
497.4 
524.1 
551.0 
578.1 
632.6 
687.3 

823.6 
958.7 

1093.0 
1225.0 
1357.0 
1488.0 
1619.0 
1749.0 
2009.0 
2268.0 

2527.0 
2785.0 
3302.0 
3819.0 
4335.0 
4852.0 
5369.0 
5886.0 
6404.0 
6921.0 

7439.0 
7956.0 

700.0 X 10+5 pascaJ Isobar 

41.95 
43.72 
45.83 
.48.24 
50.08 
52.02 
54.06 
56.18 
58.38 
60.64 

285.5 
288.8 
292.4 
296.4 
299.8 
303.2 
306.8 
310.5 
314.3 
318.2 

Entropy 
kj/kg ·K 

4.647 

4.838 
5.024 
5.204 
5.379 
5.549 
5.714 
6.033 
6.336 
6.624 
6.900 

7.165 
7.419 

7.663 

8.237 
a.764 
9.252 
9.705 

10.13 
10.52 
10.90 
11.25 
11.89 
12.46 

13.68 
14.67 
15.49 
16.20 
16.82 
17.37 
17.87 
18.33 
19.13 
19.82 

20.43 
20.97 
21.91 
22.71 
23.40 
24.01 
24.55 
25.05 
25.50 
Z5.!H 

26.30 
26.65 

2.561 
2.825 
3.100 
3.379 
3.595 
3.806 
4.011 
4.211 
4.405 
4.594 

C,- I C" 

kJ/kg ·K 

3.065 

3.100 
3.131 
3.157 
3.179 
3.199 
3.216 
3.247 
3.272 
3.295 
3.315 

3.333 
::S.::S!:lU 

3.365 

3.398 
3.425 

3.445 
3.460 
3.470 
3.476 
3.480 
3.481 

·3.478 
3.470 

3.440 
3.409 
3.380 
3.354 
3.333 
3.314 
3.299 
3.285 
3.264 
3.247 

3.235 
3.225 
3.210 
3.200 
3.192 
3.187 
3.182 
3.178 
3.175 
3.173 

3.171 
3.169 

2.118 
2.345 
2.558 
2.709 
2.S02 
2.880 
2.946 
3.001 
3.047 
3.0S6 

3.875 

3.950 
4.019 
4.082 
4.141 
4.196 
4.248 
4.344 
4.432 
4.515 
4.592 

4.664 
4.7::S::S 

4.797 

4.942 
5.065 
5.168 
5.251 
5.317 
5.368 
5.405 
5.432 
5.461 
5.466 

5.431 
5.378 
5.329 
5.290 
5.259 
5.236 
5.218 
5.205 
5.187 
5.177 

5.171 
5.168 
5.166 
5.167 
5.168 
5.170 
5.171 
5.173 
5.174 
5.175 

5.176 
5.177 

2.501 
2.810 
3.083 
3.274 
3.414 
3.537 
3.646 
3.742 
3.827 
3:904 

Velocity 
of sound 

m/s 

1056.0 

1056.0 
1056.0 
1056.0 
1056.0 
1055.0 
1055.0 
1054.0 
1052.0 
1051.0 
1049.0 

1047.0 
lO44.U 

1042.0 

1036.0 
1031.0 

1026.0 
1022.0 
1020.0 
101S.0 
1017.0 
1018.0 
1021.0 
1026.0 

1047.0 
1072.0 
llOl.O 
1130.0 
1160.0 
1190.0 
1219.0 
1249.0 
1307.0 
1365.0 

1420.0 
1474.0 
1579.0 
1677.0 
1772.0 
1861.0 
1948.0 
2030.0 
2110.0 
2187.0 

2262.0 
2334;0 

1110.0 
1116.0 
1118.0 
1119.0 
1120.0 
1120.0· 
1121.0 
1121.0 
1121.0 
1122.0 
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Temper· 
ature 

K 

22.0 
23.0 
24.0 
25.0 

26.0 
28.0 
30.0 
32.0 
34.0 
36.0 

38.0 
40.0 

45.0 

50.0 
55.0 
60.0 
65.0 
70.0 
75.0 

80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

200.0 
225.0 
250.0 
275.0 

300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 

23.0 

Density 
kg/rna 

270.1 
268.4 
266.7 
265.1 
263.4 
260.1 
256.9 
253.7 
250.5 
247.4 

244.4 
241.4 

234.0 

227.0 
220.2 
213.7 
207.5 
201.6 
195.9 

190.5 
180.4 
171.3 

152.0 
136.7 
124.3 

114.0 
105.3 

97.89 
91.47 

85.85, 

76.46 
68.92 

62.73 
57.55 
49.39 
43.23 
38.43 
34.58 
31.43 
28.80 
26.58 
24.67 

23.02 
21.57 

294.8 
293.0 
291.2 

289.6 
287.9 
286.3 
284.6 
283.0 
281.3 
279.7 

278.1 

Isotherm 
derivative 

lOSm3 • Pa/kg 

9.88 
9.82 
9.76 
9.70 
9.64 
9.51 
9.39 
9.27 
9.16 
9.04 

8.93 
8.83 

8.58 
8.35 
8.16 
7.99 
7.86 
7.75 
7.67 
7.61 
7.55 
7.54 

7.71 
8.01 
8.37 

8.76 
9.17 

9.59 
10.0 

10.4 
11.3 
12.2 

13.1 
14.1 
16.0 
17.9 
19.8 
21.8 
23.7 
25.7 
27.7 
29.7 

31.7 
33.7 

11.5 
11.5 
11.6 
11.5 
11.4 
11.3 
11.2 
11.2 
11.1 

11.0 

11.0 
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Thermodynamic properties of helium 4-Continued 

Isochore 

derivative 
l()5Pa/K 

16.7 
16.5 
16.3 
16.1 
15.9 
15.5 
15.1 
14.7 
14.3 
13.9 

13.6 
13.2 

12.3 
1l.5 
10.8 
10.2 
9.55 
9.00 
8.50 
8.04 
7.23 
6.55 

5.28 
4.40 
3.77 

3.30 
2.93 
2.64 
2.40 

2.20 
1.89 
1.66 

1.48 
1.34 
1.12 
0.964 
0.846 
0.754 
0.680 
0.620 
0.569 
0.526 

0.489 
0.457 

18.3 
18.9 
18.9 
18.8 
18.8 
18.7 
18.6 
18.4 
18.2 
18.0 

17.8 

Internal 

energy 
kJ/kg 

62.96 
65.33· 
67.76 
70.23 
72.74 
77.89 
83.17 
88.59 
94.12 
99.8 

105.5 
111.3 

126.3 
141.7 
157.5 
173.6 
189.9 
206.5 
223.1 
239.9 
273.6 
307.4 

392.0 
475.8 
558.8 

641.1 
722.7 
803.7 
384.3 

964.6 
1124.0 
1283.0 

1441.0 
1599.0 
1914.0 
2229.0 
2543.0 
2857.0 
3170.0 
3484.0 
3798.0 
4111.0 

4425.0 
4738.0 

Enthalpy 

kJ/kg 

322.1 
326.1 
330.2 
334.3 
338.5 
347.0 
355.7 
364.5 
373.5 
382.7 

391.9 
401.4 

425.4 
450.1 
475.4 
501.1 
527.3 
553.7 
580.4 
607.4 
661.6 
716.1 

852.5 
987.9 

1122.0 

1255.0 
1387.0 

1519.0 
1650.0 

1780.0 
2040.0 
2299.0 

2557.0 
2816.0 
3332.0 
3848.0 
4364.0 
4881.0 
5397.0 
5914.0 
6431.0 
6948.0 

7466.0 
7983.0 

800.0 X 10+5 pascal Isobar 

49.31 
51.24 
53.53 
55.26 
57. II 
59.05 
61.08 
63.18 
65.36 

67.60 

69.89 

320.7 
324.3 
328.2 
331.5 
335.0 
338.5 
342.2 
345.9 
349.7 

353.6 

357.6 

Entropy 
kJ/kg ·K 

4.777 
4.955 
5.128 
5.296 
5.460 
5.775 
6.075 
6.360 
6.633 
6.894 

7.145 

7.387 

7.953 

8.474 
8.955 
9.403 
9.822 

10.21 
10.58 
10.93 
11.57 
12.14 

13.36 
14.35 
15.18 

15.89 
16.51 

17.06 
17.56 

18.02 
18.82 
19.51 

20.12 
20.66 
21.60 
22.40 
23.09 
23.70 
24.24 
24.73 
25.18 
25.60 

25.98 
26.34 

2.631 
2.899 
3.176 
3.389 
3.596 
3.799 
3.996 
4.188 
4.375 

4.557 

4.733 

Cp I Cp Velocity 
of sound 

kJ/kg ·K mJs 

3.119 
3.147 
3.172 
3.194 
3.214 
3.248 
3.277 
3.303 
3.326 
3.347 

3.366 
3.384 

3.422 
3.453 
3.477 
3.496 
3.509 
3.518 
3.524 
3.527 
3.526 
3.519 

3.489 
3.455 
3.423 

3.395 
3.370 
3.349 
3.331 

3.316 
3.290 
3.271 

3.256 
3.244 
3.227 
3.215 
3.206 
3.199 
3.193 
3.189 
3.186 
3.183 

3.180 
3.178 

2.242 
2.492 
2.671 
2.769 
2.852 
2.922 
2.981 
3.031 
3.073 
3.109 

3.140 

3.974 1122.0 
4.037 1122.0 
4.096 1122.0 
4.151 1122.0 
4.202 1122.0 
4.297 1122.0 
4.383 112l.0 
4.463 1119.0 
4.538 1118.0 
4.608 1116.0 

4.675 1114.0 
l1..737 1112.0 

4.879 1106.0 
5.001 1100.0 
5.105 1094.0 
5.191 1090.0 
5.262 1086.0 
5.319 1082.0 
5.364 1080.0 , 
5.399 1079.0 
5.441 1079.0 
5.459 1082.0 

5.442 1097.0 
5.394 1118.0 
5.345 1143.0 

5.304 1170.0 
5.270 1197.0 
5.244 1225.0 
5.223 1253.0 

5.208 1281.0 
5.187 1336.0 
5.174 1391.0 

5.168 1444.0 
5.164 1497.0 
5.161 . 1598.0 
5.162 1694.0 
5.164 1786.0 
5.166 1875.0 
5.167 1960.0 
5.169 2041.0 
5.171 2120.0 
5.172 2196.0 

5.173 2270.0 
5.174 2341.0 

2.678 
2.994 
3.216 
3.360 
3.488 
3.601 
3.700 
3.789 
3.868 
3.939 

4.004 

1173.0 
1177.0 
1179.0 
1179.0 
1180.0 
1180,0 
1181.0 
1181.0 
1182.0 

1182.0 

1183.0 



Temper· 
ature 

K 

24.0 
25.0 
26.0 
28.0 
::\0.0 

32.0 
34.0 
36.0 
38.0 

40.0 

45.0 
50.0 

55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 
150.0 
175.0 

. 200.0 
225.0 
250.0 
275.0 
300.0 

350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

1000.0 
1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 

Density 
kg/m 3 

276.4 
274.8 
273.2 
270.0 
266.9 
263.8 
260.8 
257.8 
254.9 

252.0 

245.0 
230.2 

231.7 
225.4 
219.4 
213.7 
208.1 
202.8 
192.9 
183.8 

164.4 
148.6 
135.7 
125.0 
115.8 
108.0 
101.2 
95.16 

85.07 
76.92 

70.19 
64.53 
55.56 
48.76 
43.43 
39.14 
35.61 
32.67 
30.17 
28.02 

26.16 
24.53 

301.3 
299.5 
297.9 
296.3 
294.7 
293.1 
291.5 
289.9 
288.3 
286.7 

285.2 
283.6 
282.0 
279:0 

Isotherm 
derivative 

IOSm3 • Pa/kg 

10.9 
10.8 
10.8 
10.7 
10.6 
10.4 
10.3 
10.2 
10.1 

10.0 

9.74 
9.50 

9.29 
9.10 
8.94 
8.80 
8.69 
8.60 
8.47 
8.42 

8.49 
8.73 
9.05 
9.42 
9.81 

10.2 
10.6 
11.0 

11.9 
12.8 

13.7 
14.6 
16.4 
18.3 
20.2 
22.2 
24.1 
26.1 
28.0 
.30.0 

32.0 
34.0 

12.7 
12.7 
12.6 
12.5 
12.4 
12.4 

12.3 
12.2 
12.1 
12.1 

12.0 
12.0 
11.9 

·11.8 
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Thermodynamic properties of helium 4-Conti~ued 

lsochore 
derivative 
lOSPa/K 

17.6 
17.4 
17.2 
16.8 
16.4 
15.9 
15.5 
15.1 
14.7 

14.3 

13.4 
12.6 

11.8 
11.2 
10.5 
9.93 
9.40 
8.91 
8.05 
7.32 

5.92 
4.95 
4.25 
3.72 
3.31 
2.98 
2.71 
2.49 

2.14 
1.88 

1.68 
1.52 
1.27 
1.10 
0.962 
0.858 
0.774 
0.705 
0.647 
0.599 

0.557 
0.520 

19.B 
19.9 
20.0 
19.9 
19.9 
19.8 
19.6 
19.5 
19.3 
19.1 

18.9 
18.7 
IBA 
18.0 

Internal 
energy 
kJ/kg 

72.24 
74.63 
77.07 
82.07 
87.22 
92.51 
97.92 

103.4 
109.1 

114.8 

129.5 
144.7 

160.3 
176~3 

192.5 
208.9 
225.4 
242.1 
275.8 
309.7 

394.4 
478.6 
562.1 
644.8 
726.8 
808.2 
889.2 
969.7 

1130.0 
1289.0 

1448.0 
1606.0 
1922.0 
2236.0 
2551.0 
2865.0 
3179.0 
3493.0 
3807.0 
4120.0 

4434.0 
4748.0 

Enthalpy 
kJ/kg 

361.6 
365.7 
369.9 
378.3 
386.9 
395.7 
404.6 
413.7 
422.9 

432.3 

456.1 
480.6 

505.6 
531.1 
557.0 
583.3 
609.8 
636.5 
690.5 
744.8 

881.1 
1017.0 
1151.0 
1285.0 
1417.0 
1549.0 
1680.0 
1810.0 

2070.0 
2329.0 

2588.0 
2846.0 
3362.0 
3877.0 
4393.0 
4909.0 
5425.0 
5942.0 
6458.0 
6975.0 

7492.0 
8009.0 

900.0 X 10+5 pascal Isobar 

56.65 
58.BO 
60.45 
62.20 
64.06 
66.01 
68.03 
70.13 
72.29 
74.51 

76.78 
79.11 
81.48 
86.35 

355A 
359.4 
362.6 
366.0 
369.5 
373.1 
376.8 
380.6 
384.4 
388.4 

392.4 
396.5 
400.6 
409.0 

Entropy 
kJ/kg ·K 

4.905 
5.072 
5.235 
5.547 
5.845 
6.128 
6.399 
6.658 
6.907 

7.146 

7.708 
8.223 

8.701 
9.144 
9.559 
9.948 

10.31 
10.66 
11.29 
11.87 

13.08 
14.07 
14.90 
15.62 
16.24 
16.80 
17.29 
17.75 

18.55 
19.24 

19.85 
20.39 
21.33 
22.13 
22.82 
23.43 
23.97 
24.46 
24.91 
25.33 

25.71 
26.07 

2.71B 
2.993 
3.202 
3.406 
3.606 
3.802 
3.992 
4.177 
4.357 
4.533 

4.703 
4.869 
5.031 
5.342 

C l • I C" 

kJ/kg ·K 

3.167 
3.192 
3.213 
3.251 
3.283 
3.312 
3.337 
3.360 
3.382 

3.402 

3.445 
3.480 

3.508 
3.530 
3.546 
3.558 
3.566 
3.570 
3.572 
3.566 

3.537 
3.501 
3A66 
3.435 
3.408 
3.384 
3.364 
3.346 

3.317 
3.295 

3.278 
3.264 
3.244 
3.230 
3.219 
3.211 
3.205 
3.200 
3.196 
3.192 

3.190 
3.187 

2.423 
2.635 
2.737 
2.825 
2.900 
2.963 
3.016 
3.061 
3.100 
3.134 

3.164 
3.190 
3.214 
3.255 

4.064 
4.119 
4.171 
4.265 
4.351 
4.430 
4.503 
4.572 
4.636 

4.697 

4.835 
4.955 

5.057 
5.144 
5.217 
5.278 
5.327 
5.366 
5.419 
5.446 

5.447 
5.407 
5.360 
5.317 
5.281 
5.252 
5.229 
5.211 

5.187 
5.172 

5.164 
5.160 
5.157 
5.157 
5.159 
5.161 
5.164 
5.166 
5.167 
5.169 

5.170 
5.172 

2.899 
3.155 
3.306 
3.440 
3.558 
3.662 
3.754 
3.836 
3.910 
3.977 

4.038-
4.095 
4.148 
4.243 

Velocity 
of sound 

m/s 

1183.0 
1183.0 
1183.0 
1183.0 
1183.0 
1182.0 
1180.0 
1179.0 
lln.O 

1175.0 

1169.0 
1163.0 

ll57.0 
1151.0 
1146.0 
1142.0 
1139.0 
1137.0 
1134.0 
1134.0 

1144.0 
1161.0 
1183.0 
1207.0 
1233.0 
1258.0 
1285.0 
1311.0 

1364.0 
1416.0 

1467.0 
1518.0 
1616.0 
1710.0 
1801.0 
1887.0 
1971.0 
2051.0 
2129.0 
2204.0 

2277.0 
2348.0 

1232.0 
1235.0 
1235.0 
1235.0 
1235.0 
1236.0 
1236.0 
1237.0 
123B.O 
1238.U 

1239.0 
1239.0 
1239.0 
1239.0 
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Tempel"· 
ature 

K 

30.0 
32.0 

34.0 
36.0 
38.0 
400 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
90.0 

100.0 

125.0 

150.0 
175.0 
200.0 
225.0 

250.0 
275.0 
300.0 
350.0 
400.0 

450.0 
500.0 
600.0 
700.0 
800.0 
900.0 

JUOO.O 

1100.0 
1200.0 
1300.0 

1400.0 
1500.0 

14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 
25.0 
26.0 
28.0 
30.0 
-32.0 
34.0 
36.0 

Density 
kg/rna 

275.9 
272.9 

270.0 
267.1 
264.3 
21)1E::. 

254.7 
248.2 
241.9 
235.8 
230.0 
224.4 
219.0 
213.9 
204.1 
195.1 

175.6 

159.6 
146.4 
135.2 
125.7 

117.5 
nO.3 
104.0 
93.28 
84.59 

77.37 
71.28 
61.56 
54.15 
48.32 
43.61 
~Y."IJ 

36.48 
33.71 
31.34 

29.27 
27.46 

308.8 
307.0 
305.5 
303.9 
302.4 
300.B 
299.3 
297.7 
296.2 
294.7 

293.1 
291.6. 
290.1 
287.1 
284.1 
281.2 
278.4 
275.5 

Isotherm 
derivative 

105m3 • Pa/kg 

11.7 
11.6 

11.4 
11.3 
11.2 
11.1 

10.9 
10.6 
10.4 
10.2 
10.0 
9.84 
9.71 
9.59 
9.42 
9.31 

9.20 

9.46 
9.74 

10.1 
10.4 

10.8 
11.2 
11.6 
12.5 
13.3 

14.2 
15.1 
16.9 
18.8 
20.6 
22.6 
24.::' 

26.4 
28.4 
30.3 

32.3 
34.3 

13.8 
13.9 
13.8 
13.7 
13.6 
13.5 
13.4 
13.3 
13.2 
13.2 

13.1 
13.0 
13.0 
12.9 
12.7 
12.6 
12.5 
12.4 
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Thermodynamic properties of helium 4-Continued 

Isochore 
derivative 

lOSPa/K 

17.5 
17.1 

16.7 
16.2 
15.8 
IFL4 

14.5 
13.6 
12.8 
12.1 
11.4 
10.8 
10.2 
9.73 
8.81 
8.03 

6.54 

5.48 
4.71 
4.13 
3.6B 

3.32 
3.02 
2.78 
2.39 
2.10 

1.87 
1.69 
1.42 
1.22 
1.08 
0.960 
U.t!bb 

0.790 
0.725 
0.671 

0.624 
0.583 

20.4 
20.7 
20.9 
20.9 
20.9 
20.9 
20.7 
20.6 
20.4 
20.2 

20.0 
19.8 
19.6 
19.1 
18.7 
18.2 
17.8 
17.3 

Internal 
energy 
kJ/kg 

91.38 
96.55 

101.9 
107.3 
112.8 
lUtE::. 

133.0 
148.0 
163.4 
179.2 
195.3 
211.6 
228.1 
244.8 
278.4 
312.2 

397.1 

481.7 
565.6 
648.7 
731.1 

812.9 
894.2 
975.0 

1136.0 
1296.0 

1455.0 
1613.0 
1929.0 
2244.0 
2559.0 
2873.0 
~U:f'.U 

3502.0 
3816.0 
4130.0 

4443.0 
4757.0 

Enthalpy 
kJ/kg 

417.6 
426.3 

435.2 
444.2 
453.4 
4.1)2.1) 

~.3 

510.7 
535.5 
560.9 
586.6 
612.7 
639.0 
665.6 
719.3 
773.5 

909.6 

1046.0 
1180.0 
1314.0 
1447.0 

1579.0 
1710.0 
1841.0 
2101.0 
2359.0 

2618.0 
2876.0 
3391.0 
3906.0 
4421.0 
4937.0 
!>4::';S.U 

5969.0 
6485.0 
7002.0 

7518.0 
8035.0 

1000 X IOH> pascal Isobar 

62.06 
64.06 
65.63 
67.31 
69.08 
70.95 
72.90 
74.93 
77.02 
79.17 

81.38 
83.64 
85.95 
90.70 
95.63 

100.7 
105.9 
111.2 

385.9 
389.8 
393.0 
396.3 
399.8 
403.3 
407.0 
410.8 
414.6 
418.5 

422.5 
426.6 
430.7 
439.0 
447.6 
456.3 
465.2 
474.2 

Entropy 
kJ/kg ·K 

5.637 
5.910 

6.189 
6.447 
6.694 
I)J):\2 

7.491 
8.003 
8.477 
8.918 
9.330 
9.716 

10.08 
10.42 
11.06 
11.63 

12.04 

13.83 
14.66 
15.38 
16.00 

16.56 
17.06 
17.51 
18.32 
19.01 

19.62 
20.16 
21.10 
21.89 
22.58 
23.19 
:l~./;:S 

24.22 
24.67 
25.09 

25.47 
25.83 

2.555 
2.827 
3.032 
3.233 
3.430 
3.623 
3.811 
3.995 
4.174 
4.348 

4.518 
4.683 
4.844 
5.153 
5.448 
5.729 
5.998 
6.255 

C,. I Cp 

kJ/kg ·K 

3.290 
3.321 

3.349 
3.374 
3.398 
3_420 

3.468 
3.507 
3.538 
3.563 
3.582 
3.596 
3.606 
3.612 
3.615 
3.611 

3.!i03 

3.545 
3.508 
3.474 
3.445 

3.419 
3.396 
3.376 
3.344 
3.320 

3.300 
3.284 
3.261 
3.245 
3.233 
3.224 
3.21"1 

3.211 
3.206 
3.202 

3.199 
3.196 

2.350 
2.596 
2.704 
2.797 
2.877 
2.944 
3.001 
3.050 
3.092 
3.128 

3.160 
3.189 
3.214 
3.259 
3.297 
3.331 
3.361 
3_389 

4.329 
4.409 

4.480 
4.548 
4.611 
4.671 

4.806 
4.922 
5.023 
5.109 
5.182 
5.244 
5.295 
5.337 
5.397 
5.432 

5.449 

5.417 
5.373 
5.329 
5.291 

5.260 
5.235 
5.215 
5.188 
5.171 

5.161 
5.156 
5.152 
5.152 
5.154 
5.157 
5.100 

5.162 
5.164 
5.166 

5.168 
5.169 

2.794 
3.089 
3.247 
3.388 
3.513 
3.623 
3.720 
3.806 
3.883 
3.953 

4.017 
4.075 
4.130 
4.227 
4.315 
4.393 
4.466 
4.533 

Velocity 
of sound 

m/s 

1239.0 
123B.O 

1237.0 
1236.0 
1234.0 
1232_0 

1227.0 
1221.0 
1214.0 
1208.0 
1203.0 
1198.0 
1194.0 
1190.0 
1186.0 
1184.0 

1100.0 

1202.0 
1221.0 
1243.0 
1266.0 

1290.0 
1315.0 
1340.0 
1390.0 
1440.0 

1489.0 
1538.0 
1633.0 
1725.0 
1814.0 
1899.0 
1982.0 

2061.0 
2138.0 
2212.0 

2284.0 
2355.0 

1282.0 
1286.0 
1286.0 
1286.0 
1287.0 
1287.0 
1288.0 
1288.0 
1289.0 
1289.0 

1290.0 
1290.0 
1291.0 
1291.0 
1291.0 
1291.0 
1290.0 
1289.0 
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Thermodynamic properties of helium 4-Continued 

Temper· 
Density 

. Isotherm Isochore Internal 
Enthalpy Entropy C

" I C" Velocity 

ature 
kg/m 3 derivative derivative energy 

kJ/kg kJ/kg ·K 
of sound 

K 105m3 • Pa/kg I05Pa/K kJ/kg kJ/kg :K mls 

38.0 272.8 12.3 16.9 116.7 483.3 6.502 3.415 4.596 1287.0 
40.0 :.nU.I l:l.:l lb.!> 1:l2.:l 492.5 (>."139 3.43H 4.654 1285.0 

45.0 263.5 11.9 15.5 136.6 516.1 7.295 3.490 4.787 1280.0 

50.0 257.1 11.7 14.5 151.4 540.4 7.805 3.533 4.901 1274.0 

55.0 251.0 11.5 13.7 166.8 565.1 8.277 3.568 4.999 1268.0 

60.0 245.2 11.3 13.0 182.4 590.3 8.716 3.595 5.084 1261.0 

65.0 239.5 11.1 12.3 198.4 615.9 9.126 3.617 5.156 1255.0 

70.0 234.1 10.9 11.6 214.7 641.9 9.510 3.633 5.218 1250.0 

75.0 228.8 10.7 11.0 231.1 668.1 9.872 3.644 5.269 1245.0 

80.0 223.8 10.6 10.5 247.7 694.6 10.21 3.652 5.313 1241.0 

90.0 214.2 .10.4 9.53 281.2 748.0 10.84 3.658 5.377 1234.0 

100.0 205.4 10.2 8.71 315.1 802.0 11.41 3.655 5.417 1230.0 

125.0 185.9 10.1 7.12 400.2 938.0 12.63 3.628 5.447 1230.0 
150.0 169.8 10.2 5.99 485.0 1074.0 13.62 3.589 5.424 1240.0 
175.0 156.3 10.4 5.16 569.3 1209.0 14.45 3.550 5.383 1256.0 
200.0 144.9 10.7 4.53 652.7 1343.0 15.17 3.514 5.340 1276.0 
22!:>.U 135.U 11.1 4.U4 13!:>.!:> 14/0.U 1:::,;/9 3.4H2 5.302 1291.0 

250.0 126.5 11.4 3.64· 817.7 1608.0 16.35 3.453 5.269 1320.0 
275.0 119.0 11.8 3.32 899.3 1740.0 16.85 3.429 5.242 1343.0 
300.0 112.4 12.2 3.05 980.5 1870.0 17.31 3.407 5.220 1367.0 
350.0 101.1 13.0 2.63 1142.0 2130.0. 18.11 3.372 5.189 1414.0 
400.0 91.96 13.8 2.31 1302.0 2389.0 18.80 3.344 5.170 1462.0 

450.0 84.30 14.7 2.06 1461.0 2648.0 19.41 3.322 5.158 1510.0 
500.0 77.81 15.6 1.87 1620.0 2905.0 19.95 3.305 5.152 1557.0 
600.0 67.40 17.3 1.57 1937.0 3420.0 20.89 3.278 5.147 1650.0 
700.0 59.43 19.2 1.35 2252.0 3935.0 21.68 3.260 5.147 1740.0 
800.0 53.12 21.0 1.19 2567.0 4450.0 22.37 3.247 5.150 1827.0 
900.0 48.01 22.9 1.06 2882.0 4965.0 22.98 3.236 5.153 1911.0 

1000.0 43.78 24.8 0.958 3196.0 5480.0 23.52 3.228 5.156 1992.0 
1100.0 40.24 26.8 0.873 3511.0 5996.0 24.01 3.222 5.158 2070.0 
1200.0 37.22 28.7 0.803 3825.0 6512.0 24.46 3.217 5.161 2146.0 
1300.0 34.61 30.7 0.742 4139.0 7028.0 24.87 3,212 5.163 2220.0 

1400.0 32.35 32.6 0.691 4453.0 7544.0 25.26 3.208 5.165 2291.0 
1500.0 30.36 34.6 0.646 4767.0 8061.0 25.61 3.205 5.166 2361.000 

*Denotes boundary of a phase change. 
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